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(54) Laser marking on photosensitive material and photosensitive material including the marking 



(57) By irradiating a laser beam onto an X-ray film 
that includes a support layer having disposed thereon 
an emulsion layer, the emulsion layer is melted, numer- 
ous minute air bubbles are generated in the emulsion 
layer, and the emulsion layer becomes convex, whereby 
a visible dot pattern is formed. The irradiation time and 
wavelength of the laser beam are selected so that sep- 
aration is not generated between the support layer and 
the emulsion layer. By defocusing and irradiating the la- 



ser beam, the X-ray film may substantially uniformly re- 
ceives energy of the laser beam. Moreover, an under- 
surface layer may also be formed, and the laser beam 
may be irradiated onto the undersurface layer to form a 
dot pattern on the undersurface layer. A device and a 
method for forming a marking pattern representing iden- 
tification information on a rolled photosensitive material 
and cutting the photosensitive material into sheets are 
disclosed. 



F I G . 30 A 



< 

in 

CO 

T— 

Q_ 

LU 





\ J 
1 




■^-.174 
~ MP 


i , i 


1 

( 

172 


1 


II2A II2A 



OD. <EP 1355191A1. 1..> 



Printed by Jouvc. 75001 PARIS (FR) 



(Cont. next page) 



EP 1 355 191 A1 

■j 



FIG. 30B 

II2A 



,170 ,112 II2A r"2A 




5DOCID: <EP 1355191A1J. 



2 



EP 1 355 191 A1 



Description 

BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] The present Invention relates to a laser marking method for irradiating a laser beam onto a photosensitive 
material, i.e., a photographic photosensitive material such as an X-ray film or a thermally-developed photosensitive 
material, to form thereon a marking pattern, such as characters and symbols. 

[0002] The present invention also relates to a photosensitive material having a marking pattern formed thereon and 
to a laser marking method for irradiating a laser beam from a laser onto an emulsion layer of a photosensitive material, 
in which an emulsion layer is formed on a surface of a base layer, to form thereon dot patterns in which the emulsion 
layer is thermally melted and deformed, whereby a marking pattern including visible characters or symbols is formed 
by a combination of the dot patterns. 

[0003] The present invention also relates to a laser marking method that enables a one-dimensional barcode to be 
formed as a marking pattern. 

[0004] The present invention also relates to a laser marking method for forming a marking pattern on a one-sided 
type photosensitive film, in which a surface layer including an emulsion layer is formed on one side of a support, such 
as PET, and an undersurface layer is formed on the other side. 

[0005] Moreover, the present invention relates to a photosensitive material processing method for processing a pho- 
tosensitive material from a roll into sheets of a predetermined size, and to a processed photosensitive material. 

Description of the Related Art 



25 [0006] As technology for marking characters and symbols onto a surface of a material using laser light, there is, for 
example, the technology disclosed in Japanese Patent Application Laid-Open Publication (JP-A) No. 1 0-305377. Also, 
in Japanese Patent No. 3191201 (referred to below as "prior art"), marking technology has been proposed in which a 
laser beam is irradiated onto a photosensitive material such as an X-ray film, dots are formed by causing fogging and 
deformation in a surface of the photosensitive material, and characters and symbols are formed by the dot arrangement. 

30 [0007] In this prior art, the laser irradiation time (pulse width) per dot is set to at least 30 usee or more in order to 
cause deformation or thermal fogging in order to raise visibility. 

[0008] However, in relation to dot plotting, there exist no guidelines for dot forms and processing methods in order 
to obtain marking (characters or symbols) with good visibility. With respect to laser beam irradiation conditions, it has 
been necessary to experimentally determine irradiation target materials, laser types, and oscillation wavelengths as 
35 parameters. 

— - [0009] There are also variations in the results of these experiments depending on the person judging visibility, man- 
agement of conditions of laser irradiation devices cannot be done quantitatively (numerically), and it has been difficult 
to conduct stable marking. 

[001 0] In the case of an X-ray film, the original quality of the X-ray film is sometimes compromised by laser irradiation, 
-*o in that the emulsion layer that has been scattered on the surrounding area by laser irradiation adheres to the film 
surface, the film is burned by the laser being irradiated again onto the portions to which the emulsion layer adheres, 
thermal fogging and light fogging are generated, and an image is formed while adhering to the emulsion layer surface,' 
whereby those portions are whitely omitted (so-called white spots). 

[0011] In order to eliminate these problems, it is best to conduct irradiation so that the emulsion layer does not scatter. 
However, even when scattering cannot be seen immediately after marking by laser irradiation, sometimes emulsion 
layer portions are separated in subsequent steps such as development. This is a phenomenon that can occur in a 
stale in which a space has been generated between the emulsion layer and the base layer. Such separation exerts an 
enormous influence on visibility and leads to differences in evaluation, in which the film is deemed to be improper in 
an evaluation of visibility by a user, regardless of whether the film was deemed to be proper in an evaluation of visibility 

50 at the manufacturing stage. 

[0012] Also, when characters and symbols are marked on a photosensitive material such as an X-ray film, a spot 
laser beam is irradiated onto the emulsion layer of the photosensitive material. Thus, minute air bubbles are generated 
in a process in which gelatin included in the emulsion layer and the like is melted by energy of the laser beam, whereby 
convex portions are formed. These convex portions become dots that are visible due to reflection of light being varied 

55 by numerous boundary films between the air bubbles, and characters and symbols are formed as a marking pattern 
by the arrangement of these dots. 

[0013] In a photosensitive material such as X-ray film, sometimes the emulsion layer melted by the laser beam 
scatters on the area surrounding the irradiation position of the laser beam. When the scattered emulsion layer adheres 
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to the surface of the photosensitive material, sometimes so-called white spots are generated when an image is formed 
at the portion to which the scattered emulsion layer adheres. 

[0014] Also, when the laser beam is continuously irradiated, sometimes the scattered emulsion layer is burned by 
the laser beam and generates fogging. Such fogging lowers the product quality of the photosensitive material. 

5 [0015] Moreover, in an X-ray film in which a PET support is used as a base layer and an emulsion layer is formed 
on the base layer, sometimes it becomes easy for the emulsion layer to separate from the base layer when the laser 
beam is irradiated and dots are formed. When it becomes easy for the emulsion layer to separate from the base layer, 
although visibility of the dots becomes high immediately after the dots have been formed, the emulsion layer separates 
and drops away from the base layer and visibility becomes extremely low when the film is developed. That is, when it 

10 becomes easy for the emulsion layer to separate from the base layer due to irradiation of the laser beam, sometimes 
the visibility of the characters and symbols formed on the X-ray film varies prior to and after development. 
[0016] Although the aforementioned prior art proposes to secure visibility by limiting the irradiation conditions of the 
laser beam per dot, it offers no proposals for preventing troubles in quality resulting from irradiating the laser beam 
onto the photosensitive material and preventing variations in visibility prior to and after development. 

J 5 [0017] Also, in the prior art, a laser beam oscillated at a low output is used in order to impart to the photosensitive 
material energy for forming proper dots. However, when a low-output laser is used, it takes time to impart the energy 
necessary to form the dots. That is, sometimes it becomes necessary to irradiate the laser beam for a long time, and 
when the laser beam is irradiated for a long time, sometimes heat is transmitted to the interior of the photosensitive 
material and causes the emulsion layer to separate from the base layer. Thus, sometimes variations in the visibility of 

20 the characters and symbols prior to and after development are caused. 

[0018] When highly visible dots are formed on the X-ray film, it is necessary for the diameter of the dots to be of a 
predetermined value or higher. Thus, the prior art proposes forming highly visible dots by appropriately controlling the 
irradiation time of the laser beam. Also, setting the intervals between the dots to be within a predetermined range, it 
is possible to raise the visibility of the characters and symbols formed by the dot arrangement. 

25 [0019] When the laser beam is irradiated onto the X-ray film and dots are formed, sometimes a space is generated 
between the base layer and the emulsion layer. Although this space improves the visibility of the dots immediately after 
the dots (marking pattern) have been formed on the X-ray film, the emulsion layer above the space separates from 
the base layer and the visibility of the dots is lowered. That is, the space generated between the base layer and the 
emulsion layer lowers the visibility of the dots at the stage when the film is used by a user 

30 [0020] Thus, when a laser beam is irradiated onto a photosensitive material such as an X-ray film and a marking 
pattern is formed, dot forms in which there are no variations in visibility between the stage when the dots are formed 
and from subsequent processing steps on are preferable. 

[0021] Configurations in which various information is imparted by a marking pattern formed on a photosensitive 
material such as an X-ray film by a dot arrangement have been variously proposed. 

35 [0022] An example of a symbol representing various information in place of characters and symbols is the barcode. 
So-called one-dimensional barcodes, which represent characters and symbols by a combination of lines of varying 
thickness and spaces, are common. By using this barcode, a large amount of information can be recorded in a limited 
space. Moreover, by automatically reading this information using a barcode reader in processing steps of the X-ray 
film, appropriate processing of the X-ray film based on the information recorded as a marking pattern becomes possible. 

40 [0023] When a barcode is recorded on a photosensitive material such as an X-ray film using a spot laser beam 
emitted from a marking head, it is necessary to stop the conveyance of the X-ray film or to move the marking head to 
match the conveyance speed of the X-ray film. 

[0024] That is, when a bar (line), and not dots, is formed on the X-ray film using a spot laser beam, it is necessary 
to irradiate the laser beam in a state in which the X-ray film has been relatively stopped with respect to the marking head. 
45 [0025] However, when a barcode is recorded as the marking pattern at predetermined intervals on a rolled X-ray 
film, problems arise in that the time necessary to record the marking pattern becomes long when the conveyance of 
the X-ray film is slopped, processing time of the photosensitive material such as the X-ray film becomes long, and 
processing efficiency drops. 

[0026] Also, when characters and symbols are marked on a photosensitive material such as an X-ray film, a spot 
50 laser beam is irradiated onto the side of the photosensitive material disposed with the emulsion layer. In this instance, 
it is possible to form highly visible dots by properly controlling the irradiation time of the laser beam. 
[0027] When a laser beam is irradiated onto a photosensitive material and marking is conducted, sometimes dust 
generated at the time of processing and emulsion layer separated by irradiating the laser beam onto the photosensitive 
material adheres to the surface of the photosensitive material. When the laser beam is irradiated onto the photosensitive 
55 material in a state in which dust and separated emulsion layer (emulsion waste) adhere to the surface of the photo- 
sensitive material, the dust and the emulsion layer are burned by the energy of the laser beam and cause fogging in 
the photosensitive material. Also, when an image is exposed on the photosensitive material in a state in which the 
emulsion layer and the like adhere to the photosensitive material, so-called white spots are generated when the pho- 
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tosensitive material is developed. 

[0028] However, it is necessary to conduct marking in an environment in which a high degree of cleanliness is main- 
tained in order to prevent dust in the air from adhering to the surface of the photosensitive material at the time of 
marking, and this is extremely difficult in terms of cost and the environment in which the device is disposed. 

5 [0029] Also, in the field of medicine, reducing the amount of processing fluid waste are desired from the standpoints 
of environmental safety and space efficiency. Thus, light photosensitive thermally-developed photosensitive materials 
for medical diagnoses and photographic technology in which a clear black color image having high resolution and 
sharpness can be formed by efficiently exposing the photosensitive material using a laser image setter or a laser imager 
have been proposed, and thermal-development systems that are simple and do not harm the environment have at- 

10 traded attention. 

[0030] Such light photosensitive thermally-developed photosensitive materials are photosensitive films in which layer 
that includes a photosensitive silver halide, a non-photosensitive organic silver salt, a thermal developing agent, and 
a binder is formed as a so-called emulsion layer on one side of a PET support, and have the property that the side 
disposed with the emulsion layer is easily damaged. 
is [0031 ] Thus, when laser processing is conducted and dust generated at the time of the laser processing and emulsion 
waste adheres to light photosensitive thermally-developed materials, there are problems in that, not only is fogging 
easily generated, but the surface is easily damaged by the dust and the emulsion waste. 

[0032] With respect to sheets of photosensitive material such as an X-ray film, the photosensitive material is formed 
inlo sheets of a size that becomes a final mode by slitting and culling a roll in which a wide and long photosensitive 
20 material is wound in a roll. Numerous sheets of the photosensitive material that has been processed into the sheets, 
which is the final mode, are stacked and packaged by a packaging material or accommodated in a magazine and 
packaged. 

[0033] As a method of identifying sheets of the image recording material such as photosensitive material, proposals 
for adding identification information to each package unit have been made, such as affixing labels on which identification 

25 information is recorded to the packages in which the image recording material is packaged or to the magazine, or 
recording identification information on the image recording material of the bottommost layer among the stacked image 
recording material. Thus, it becomes easy to identify (specify) the image recording material in a single package unit 
and to grasp various information, and by automatic reading of the identification information, it becomes possible to 
clearly verify whether or not the image recording material is suited for the purpose of its use when the image recording 

30 material is to be used. 

[0034] However, in these proposals, the labor for affixing the labels on which the identification information is recorded 
to the packaging material or to the magazine relies upon manual labor. Thus, there is the potential for a laborer to 
forget to affix the labels or erroneously affix the labels. When a laborer forgets to affix the labels or erroneously affixes 
the labels, it becomes impossible to judge whether or not the image recording material is of a type suited for the purpose 

35 of its use. Particularly when the identification information is automatically read and a laborer has forgotten to affix the 
labels or erroneously affixed the labels, sometimes the image recording material in a package unit is wasted. That is, 
when trouble arises with the image recording material, it becomes difficult to specify the image recording material, and 
it also becomes impossible to investigate the cause of the trouble without being able to trace the processing history. 
[0035] Also, when identification information is burned in advance on the bottommost layer of the stacked image 

40 recording material, it is necessary to leave the image recording material on which the identification information is re- 
corded until the very last. Because the identification information is not recorded on the other image recording material, 
identification becomes difficult when the image recording material on which the identification information is not recorded 
is removed from the package unit. 

•** SUMMARY OF THE INVENTION 



[0036] In consideration of the above-described facts, it is an object of the invention to obtain a photosensilive material 
and a laser marking method with which visibility can be quantitatively judged, that can maintain original improvements 
in image quality of a photosensitive material, and that can improve visibility of a dot pattern. 

[0037] It is another object of the invention to propose a laser marking method that can form a marking pattern that 
has high visibility on a photosensitive material such as an X-ray film and in which there are no changes in visibility in 
processing in subsequent steps, i.e., no changes in visibility prior to and after development. 

[0038] It is yet another object of the invention to propose a laser marking method that can efficiently fonn a barcode 
as a marking pattern on a photosensitive material. 

[0039] It is yet another object of the invention to propose a laser marking method that prevents finished image quality 
of a photosensitive film, such as a thermally-developed photosensitive material and an X-ray film, from being lowered 
by dust or emulsion waste when conducting marking with a laser beam. 

[0040] It is still another object of the invention to propose a photosensitive, material and a photosensitive material 
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processing method with which brand (product class) information and processing information are clear when a photo- 
sensitive material are processed into sheets of a predetermined size from a roll. 

[0041] A first aspect of the invention is a laser marking method for forming a visible marking pattern on a photosen- 
sitive material, the method comprising the steps of: supplying a photosensitive material comprising a base layer having 
5 formed on a surface thereof an emulsion layer; irradiating a laser beam onto the emulsion layer to thereby generate 
air bubbles inside the emulsion layer; and stopping the irradiation of the laser beam at a point in time when the emulsion 
layer has become convex due to the generation of the air bubbles, whereby a convex dot pattern including plural minute 
air bubbles inside the emulsion layer is formed on the photosensitive material. 

[0042] According to the first aspect of the invention, an irradiation time of the laser is set so that the dot pattern is 
10 formed, the emulsion layer becomes convex, and minute air bubbles are formed inside the convex dot pattern. The air 
bubbles may be independent air bubbles or continuous air bubbles, and the basic boundary portions (partition walls) 
thereof caused diffuse reflection so that a highly visible dot pattern can be formed. 

[0043] The above aspect may include a step for controlling the irradiation time of the laser beam so that a height of 
the convex dot pattern formed on the surface of the emulsion layer of the photosensitive material is 1 0 jam or less from 

15 the surface and the minute air bubbles numerously formed inside the convex dot pattern have a diameter of 1 to 5 urn 
[0044] In the above aspect, the convex dot pattern is formed on the emulsion layer, and the degree of convexity is 
10 urn or less using the upper surface of the emulsion layer of the photosensitive material as a reference. Also, the 
plural minute air bubbles are formed inside the convex dot pattern. Because each air bubble has a diameter of 1 to 5 
u,m and is generated in a process in which the emulsion layer expands due to the irradiation lime of the laser beam, 

20 the irradiation time of the laser beam may be set using the above numerical value as a reference. Boundary portions 
(partition walls) between the air bubbles cause diffuse reflection so that a highly visible dot pattern can be formed. 
[0045] In the above aspect, the dot pattern can be formed so that a space is not generated at a boundary between 
the base layer and the emulsion layer in which the convex dot pattern is formed. 

[0046] After the air bubbles have been formed in the process of irradiation of the laser beam by the laser, the emulsion 

25 layer is likely to separate from the base layer and a space is generated between the base layer and the emulsion layer. 
Although this space causes diffuse reflection similar to the minute air bubbles, whereby visibility is improved immedi- 
ately after the formation of the dot pattern, the convex dot pattern itself is separated in post-processing (e.g., when the 
photosensitive material is developed, etc.), which results in visibility being lowered when a user uses the photosensitive 
material. Thus, the irradiation time of the laser beam is controlled (i.e., thermal energy is not excessively imparted) so 

30 that there is no space at the boundary between the base layer and the emulsion layer in which the convex dot pattern 
is formed, whereby changes in visibility prior to and after post-processing are prevented. Also, by preventing the convex 
dot pattern from separating, the emulsion layer does not adhere to the surface of the photosensitive material, and an 
image quality that is the original quality of the photosensitive material can also be prevented from lowering. 
[0047] In an embodiment of the above aspect, it is preferable to set an oscillation wavelength of the laser beam to 

35 be from 9.2 ujn to 9.8 urn. 

[0048] The 9.2 urn to 9.8 jim oscillation wavelength of the laser beam is, in contrast to the oscillation wavelength of 
commercially available C0 2 lasers (about 10.6 urn), not a commonly used wavelength band. However, by selecting 
this wavelength band, a desired dot pattern form can be formed in an irradiation time of a relatively wide range, and 
control of the laser beam can be simplified. 

40 [0049] A second aspect of the invention is a photosensitive material including a base layer and an emulsion layer 
disposed on a surface of the base layer, wherein a visible dot pattern is formed on the emulsion layer by irradiating a 
laser beam onto the emulsion layer, the dot pattern being convexly formed with a height of 1 0 urn or less from a surface 
of the emulsion layer and minute air bubbles having a diameter of 1 to 5 u/n being numerously formed therein. 
[0050] According to the second aspect of the invention, the dot pattern is the convexly formed emulsion layer, and 

45 the degree of convexity thereof is the thickness of the photosensitive material + 1 0 u.m or less. Also, the plural minute 
air bubbles are formed inside the dot pattern. Because each air bubble has a diameter of 1 to 5 um and is generated 
in a process in which the emulsion layer expands due to the irradiation of the laser beam, the irradiation time of the 
laser beam is set using the above numerical value as a reference. Boundary portions (partition walls) between the air 
bubbles cause diffuse reflection so that a highly visible dot pattern can be formed. 

50 [0051] In the second aspect, with respect to the photosensitive material, the dot pattern may be formed so that a 
space is not generated at the boundary between the base layer and the emulsion layer in which the convex dot pattern 
is formed. 

[0052] After the air bubbles have been formed in the process of irradiation of the laser beam by the laser, the emulsion 
layer separates from the base layer and a space is generated between the base layer and the emulsion layer. Although 
55 this space causes diffuse reflection similar to the minute air bubbles, whereby visibility is improved immediately after 
the formation of the dot pattern, the convex dot pattern itself is separated in subsequent processing (e.g., when the 
photosensitive material is developed, etc.). which results in visibility being lowered when a user uses the photosensitive 
material. Thus, the irradiation time of the laser beam is controlled (i.e., thermal energy is not excessively imparted) so 
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that there is no space at the boundary between the base layer and the emulsion layer in which the convex dot pattern 
is formed, whereby changes in visibility prior to and after subsequent processing are prevented. Also, by preventing 
the convex dot pattern from separating, the emulsion layer does not adhere to the surface of the photosensitive material, 
and lowering of image quality can also be prevented. 

5 [0053] A third aspect of the invention is a laser marking method for forming a visible marking pattern comprising a 
dot arrangement on a photosensitive material, the method comprising the steps of : supplying a photosensitive material 
comprising a support having formed on at least one side thereof an emulsion layer; setting a laser oscillator so that it 
is capable of irradiating a laser beam onto the emulsion layer; using the laser oscillator to irradiate the laser beam in 
a spot onto the emulsion layer to impart a predetermined amount of energy to the photosensitive material, wherein 

10 numerous air bubbles are generated inside the emulsion layer by the predetermined amount of energy being imparted 
within a predetermined time, to thereby form visible dots. 

[0054] According to the above aspect, the laser beam is irradiated in a spot onto the photosensitive material, whereby 
the dots are formed by the minute air bubbles generated by the process by which the emulsion layer of the photosen- 
sitive material melts, and the marking pattern is formed by the dot arrangement. Also, in the invention, a marking pattern 

is in which there are no changes in visibility resulting from development of the photosensitive material is formed by im- 
parting, to the photosensitive material with the laser beam, energy with which proper dots that have high visibility and 
in which there is little change in visibility prior to and after development of the photosensitive material can be formed. 
[0055] The energy imparted to the photosensitive material by the laser beam varies due to the oscillation output of 
the laser oscillator and the irradiation lime of the laser beam. Also, by lengthening the irradiation time of the laser beam, 

20 the heat of the laser beam is transmitted to the interior of the photosensitive material and a space that causes the 
emulsion layer to separate when the photosensitive material is developed is generated between the support and the 
emulsion layer. 

[0056] Thus, the irradiation time of the laser beam is set to a time in which the space is not generated between the 
support and the emulsion layer, and laser oscillator of an oscillation output that can impart a predetermined energy to 
25 the photosensitive material within this time is used. 

[0057] That is, the irradiation time of the laser beam is shortened using laser oscillator of a high output. 
[0058] Thus, dots whose visibility is high and in which there is little change in visibility resulting from development 
of the photosensitive material, and a marking pattern resulting from the dot arrangement, can be formed on the pho- 
tosensitive material. 

30 [0059] The predetermined time that is the irradiation time of the laser beam in the invention is set on the basis of the 
photosensitive material and the wavelength of the laser beam oscillated by the laser oscillator. 
[0060] That is, the energy of the laser beam than can form proper dots on the photosensitive material differs according 
to the oscillation wavelength of the laser beam and differs according to the photosensitive material. 
[0061] Thus, the irradiation time is set on the basis of the photosensitive material and the oscillation wavelength of 

35 the laser beam, and laser oscillator of a high output is used so that the actual irradiation time becomes shorter than 
- - this time. 

[0062] The third aspect is also characterized in that the laser beam is scanned by the scanning system and irradiated 
onto the photosensitive material to form the dot arrangement of the marking pattern. 

[0063] According to the third aspect, the oscillation output of the laser oscillator is increased and the irradiation time 
•*o of the laser beam forforming one dot is shortened, whereby it becomes possible to form numerous dots in a short time. 
[0064] Thus, the laser beam is scanned by the scanning system, and numerous dots are formed using one laser 
oscillator. 

[0065] Thus, the marking pattern can be formed by the dot arrangement without using numerous laser oscillator, and 

it becomes possible to make the marking device compact. 
45 [0066] A fourth aspect of the invention for achieving the above-described objects is a laser marking method for 

forming a marking pattern on a photosensitive material by irradiating a laser beam onto the photosensitive material, 

the method comprising the steps of: conveying a photosensitive material in a predetermined conveyance direction; 

disposing a laser oscillator and a condenser so as to condense a laser beam emitted from the laser oscillator into a 

spot on a surface of the conveyed photosensitive material; and irradiating the laser beam through the condenser onto 
50 the photosensitive material so that the surface of the photosensitive material is positioned further away from the laser 

oscillator than a focal point of the laser beam converged by the condenser, whereby the marking pattern is formed on 

the photosensitive material. 

[0067] According to the fourth aspect, the photosensitive material is defocused and disposed with respect to the 
focal position of the laser beam, and the laser beam is irradiated. By defocusing the laser beam, the energy in the spot 
55 when the laser beam is irradiated onto the photosensitive material becomes substantially even. Thus, it is possible to 
prevent the energy from being transmitted to the interior due to the energy of the laser beam partially increased and 
generating a space between the base layer and the emulsion layer. 

[0068] Thus, visibility is high, and it is possible to prevent visibility from being greatly lowered even in processing 
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steps such as development with respect to the photosensitive material. 

[0069] The fourth aspect is also characterized in that, while the photosensitive material is conveyed at a predeter- 
mined speed so as to pass a predetermined position further distanced from the laser oscillator than the focal position 
of the laser beam resulting from the condenser, the laser beam is irradiated while being scanned by the scanning 
5 mechanism along a width direction substantially orthogonal to the conveyance direction of the photosensitive material, 
to thereby form the marking pattern. 

[0070] According to the fourth aspect, the photosensitive material is defocused and disposed so as to be distanced 
from the focal position of the laser beam, and the laser beam is irradiated onto the photosensitive material. By defo- 
cusing the laser beam towards a direction distanced from the focal position thereof, the dot diameter formed on the 
io photosensitive material is widened, whereby it is possible to form the dots continuously in a bar by forming the dots at 
predetermined intervals. 

[0071] At this time, because the dots can be formed in a long oval shape along the conveyance direction of the 
photosensitive material by irradiating the laser beam while the photosensitive material is conveyed, the fatness of the 
dots when the dots are formed continuously in a bar can be made fatter. 
*5 [0072] Thus, it becomes possible to form a bar of a barcode as the marking pattern on the photosensitive material. 
[0073] The fourth aspect is also characterized in that the laser oscillator irradiates the laser beam onto the photo- 
sensitive material at predetermined intervals along the conveyance direction of the photosensitive material. 
[0074] In the fourth aspect, bar-like dots can be formed at predetermined intervals along the conveyance direction 
of the photosensitive material. 

20 [0075] Thus, the fatness of each bar, such as in a custom code and PostNet, is the same, and it becomes possible 
to form on the photosensitive material barcodes whose length and read positions are different. 

[0076] A fifth aspect of the invention is a laser marking method for forming a marking pattern on a photosensitive 
material, the method comprising the steps of: supplying a photosensitive material comprising a support, a surface layer 
including an emulsion layer formed on one side of the support, and an undersurface layer formed on another side of 

25 the support to prevent diffuse reflection of light transmitted through the emulsion layer; and irradiating a laser beam in 
a sport onto the undersurface layer of the photosensitive material to generate air bubbles in the undersurface layer, 
whereby the marking pattern is formed on the undersurface layer of the photosensitive material. 
[0077] According to the fifth aspect, when the laser beam is irradiated onto the photosensitive film, which is a one- 
sided photosensitive material, and the dots or the marking pattern resulting from the dot arrangement is formed, the 

30 laser beam is irradiated onto the undersurface layer and not onto the surface layer on which the emulsion layer is 
formed. 

[0078] The one-sided photosensitive film comprises the support, the surface layer on which the emulsion layer is 
formed and that is disposed on one side of the support, and the undersurface layer that is formed on the other side of 
the support and is formed by a layer that prevents diffuse reflection of light and layer that protects this layer. Similar to 
35 the emulsion layer, the undersurface layer includes gelatin, and the undersurface layer is also melted by the laser 
beam by the laser beam being irradiated. The dots are formed in the undersurface layer by the numerous air bubbles 
generated in the melting process of the undersurface layer, whereby it is possible to form dots having the same visibility 
as those formed on the surface layer in which the emulsion layer is included. 

[0079] Also, because the laser beam is irradiated onto the undersurface layer and not the surface layer when the 
•to photosensitive film is marked, emulsion waste is not scattered by the laser beam and does not adhere to the surface 
layer, fogging is not generated even when dust and the like is burned by the laser beam, and the finished quality of 
the product is not lowered. 

[0080] Moreover, although the emulsion layer of the surface layer is often different in photosensitive films, the un- 
dersurface layer often has the same configuration. Thus, proper marking is possible with the same irradiation time 
-*s even when it is conducted with respect to brands of photosensitive films in which the emulsion layer of the surface 
layer is different. 

[0081] In the fifth aspect, the marking pattern formed on the undersurface layer may be a mirror image of an intended 
pattern. 

[0082] According to the fifth aspect, the laser beam is irradiated so that a mirror image of the marking pattern is 
50 formed on the undersurface layer when characters and symbols are formed as the marking pattern. 

[0083] Thus, because a normal image of the marking pattern is obtained when seen from the surface layer of the 
photosensitive film, it becomes possible to precisely identify whether or not the side viewed is the surface layer on 
which the emulsion layer is formed. 

[0084] In the fifth aspect, it is preferable to use a laser beam having a wavelength that has low transmittance at the 
55 undersurface layer. Thus., because the efficiency of the absorption of energy at the undersurface layer becomes high , 
the irradiation time of the laser beam can be shortened and marking can be conducted efficiently. 
[0085] A sixth aspect of the invention is a photosensitive material processing method for cutting a photosensitive 
material wound in a roll into a predetermined size to make sheets, the method comprising the steps of: pulling the 
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photosensitive material out from a roll of the photosensitive material and conveying the photosensitive material along 
a predetermined path; irradiating a laser beam onto a recording position that is a predetermined distance from a position 
at which the conveyed photosensitive material is to be cut to thereby form, on the photosensitive material, a marking 
pattern including identification information specifying the photosensitive material; and cutting the photosensitive ma- 
terial to a predetermined length along the conveyance path. 

[0086] In this method, the photosensitive material may be cut per conveyance of a predetermined length along the 
conveyance path. Moreover, this method may also include the step of cutting the photosensitive material to a prede- 
termined width with respect to a width direction orthogonal to a conveyance direction. The recording position is also a 
predetermined distance from a position at which the photosensitive material is to be cut in the width direction. The 
method can also include the step of measuring a conveyance amount of the photosensitive material, with the recording 
position being calculated on the basis of the measurement result. The conveyance amount is measured based on 
conveyance of the photosensitive material after cutting. 

[0087] Another aspect of the invention is a photosensitive material processing device for cutting a photosensitive 
material wound in a roll into a predetermined size to make sheets, the device comprising: a conveyance mechanism 
for pulling the photosensitive material out from a roll of the photosensitive material and conveying the photosensitive 
material along a predetermined path; a laser beam oscillator for irradiating a laser beam onto the photosensitive ma- 
terial, the laser beam oscillator being disposed at a predetermined position on the conveyance path and forming, on 
the photosensitive material, a marking pattern including identification information specifying the photosensitive material 
by irradiating the laser beam onlo a recording position that is a predelermined distance from a posilion at which Ihe 
conveyed photosensitive material is to be cut; and a cutter for cutting the photosensitive material to a predetermined 
length along the conveyance path. 

[0088] This device may also include a slitter for slitting the photosensitive material to a predetermined width with 
respect to a width direction orthogonal to a conveyance direction. The recording position is also a predetermined 
distance from a position at which the photosensitive material is to be cut in the width direction. 

[0089] The photosensitive material processing device may also include a measuring instrument for measuring a 
conveyance amount of the photosensitive material, with the recording position being calculated on the basis of the 
measurement result. 

[0090] Still another aspect of the invention is a photosensitive material, in which a photosensitive material wound in 
a roll is cut into a predetermined size and processed into sheets, the photosensitive material including a marking pattern 
formed by a laser beam being irradiated onto a constant position at a peripheral portion of the sheet, the marking 
pattern including identification information with which the photosensitive material can be specified. 
[0091] According to this aspect, the rolled photosensitive material is processed into sheets of a predetermined size 
by cutting the rolled photosensitive material to a predetermined length. Also, the laser beam oscillator that is the marking 
means irradiates the laser beam onto a constant position on the photosensitive material, whereby the marking pattern 
35 is formed on the photosensitive material so that a marking pattern appears at a constant position on each photosensitive 
- - material that has been processed into a sheet. 

[0092] The emulsion layer of the photosensitive material is melted, evaporates, and is deformed by the laser beam 
being irradiated. Thus, it becomes possible to recognize the irradiation position of the laser beam, and the laser beam 
is irradiated onto the photosensitive material so that the irradiation position of the laser beam is dot-like or continuous, 
40 whereby desired symbols, characters, and marks can be formed as the marking pattern on the photosensitive material. 
[0093] The marking pattern is set, on the basis of the photosensitive material information or the processing informa- 
tion, as identification information with which it is possible to specify the brand of the photosensitive material or the roll 
serving as the source. The identification information when this kind of marking pattern is formed may include a brand 
name f a slit number, and a cutting order number. By including, in the identification information, processing information 
when the photosensitive material is processed and information that specifies a packaging device, it becomes possible 
to determine the processing history. Moreover, the identification information may include a stacking order when the 
photosensitive material is stacked and packaged and the cutting order number. Thus, it becomes possible to grasp 
the remaining amount of photosensitive material in a package when the photosensitive material is used. 
[0094] The identification information may include characteristic marks such as characters, numbers, and a symbol 
following a rule that is preset between the photosensitive material and a developing device used when the photosen- 
sitive material is developed after the photosensitive material has been exposed. Thus, proper development of the 
photosensitive material can be made possible from identification information. That is, it becomes possible to select the 
developing device according to the photosensitive material. 

[0095] Moreover, the identification information may be compressed by coding or encryption as the marking pattern. 
Thus, it is possible to record numerous information in a narrow range. The coding or encryption in this instance may 
be encryption that can be decrypted using a public key or encryption that is decrypted using a secret key. The invention 
is not limited to these. Conventionally well-known coding or encryption can be used. 

[0096] Moreover, by forming the marking pattern on the photosensitive material, it becomes possible to determine 
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whether or not the side seen is the emulsion layer, i.e., automatic determination of the surface and undersurface sides 
becomes possible. Automatization of sensitivity correction when image-exposure is conducted with respect to the 
photosensitive material also becomes possible from the photosensitive material information included in the marking 
pattern. That is, by using the marking pattern recorded on each photosensitive material, precise handling of the pho- 

5 tosensitive material can be made possible. 

[0097] The photosensitive material processing device is characterized in that it includes the measuring instrument 
for measuring the conveyance amount of the photosensitive material, and the marking pattern is formed on the basis 
of the conveyance amount of the photosensitive material measured by the measuring instrument after the photosen- 
sitive material is cut by the cutter. 

w [0098] According to this device, the marking position on the photosensitive material is determined on the basis of 
the position at which the photosensitive material is cut by the cutter when the photosensitive material is cut by the 
cutter and formed into sheets. 

[0099] Thus, it is possible to obtain sheets of the photosensitive material in which the marking pattern is formed at 
a constant position with respect to the position at which the photosensitive material is cut by the cutter, and automati- 
cs zation of the reading of the marking pattern formed on each photosensitive material becomes possible. 

[0100] When the device includes a slitter for slitting the photosensitive material to a predetermined width prior to the 
cutting of the photosensitive material by the cutter, the marking means forms the marking pattern, at a predetermined 
position with respect to the position at which the photosensitive material is slit by the slitter, each time the conveyance 
amount of the photosensitive material reaches a predetermined length. 
20 [0101] According to this device, the photosensitive material is slit to a predetermined width by the slitter prior to the 
cutting of the photosensitive material by the cutter, and photosensitive material of a predetermined size is processed. 
[01 02] When conducting such processing, the marking means forms the marking pattern at a predetermined position 
with respect to the cutting position of the cutter, at intervals corresponding to the intervals at which the photosensitive 
material is cut by the cutter. Thus, when the photosensitive material is cut and formed, it is possible for the marking 
25 pattern to appear at a constant position on each photosensitive material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0103] 

30 

Fig. 1 is a schematic structural diagram of a marking device pertaining to first second and third embodiments; 
Figs. 2A and 2B are cross-sectional diagrams of a photosensitive material, with Fig. 2A showing the photosensitive 
material prior to dot pattern formation and Fig. 2B showing the photosensitive material after dot pattern formation; 
Fig. 3 is an enlarged perspective diagram of a vicinity of a print roll and shows a state in which a marking pattern 
35 resulting from a dot pattern is formed; 

Fig. 4A is a plan diagram of an X-ray film having a cutting line in a conveyance direction, and Fig. 4B is a schematic 
diagram showing an example of a character row forming the marking pattern; 
Fig. 5 is a cross-sectional diagram (microscopic diagram) of the dot pattern; 

Fig. 6 is a schematic structural diagram of an experimental device in the first embodiment that is used for exper- 
40 imentally evaluating the relation between a marking form and irradiation energy using a C0 2 laser; 

Fig. 7 is an evaluation chart showing forms of dot patterns immediately after dot pattern formation in Experimental 
Example 1 ; 

Fig. 8 is an evaluation chart showing forms of dot patterns in a case where post-processing (development) is 

conducted after dot pattern formation in Experimental Example 1; 
45 Fig. 9A is a schematic structural diagram of an X-ray f ilm used in the embodiments, Fig. 9B is a schematic structural 

diagram of the X-ray film on which proper dots have been formed, and Fig. 9C is a schematic structural diagram 

of the X-ray film in which a space has been generated between a base layer and an emulsion layer; 

Fig. 10 is a schematic structural diagram showing an example of an experimental device used in Experimental 

Example 2 in the second embodiment; 
so Fig. 11 A is a schematic structural diagram of an X-ray film applied to the third embodiment, Fig. 11 B is a schematic 

structural diagram of the X-ray film on which proper dots have been formed, and Fig. 1 1 C is a schematic structural 

diagram of the X-ray film in which a space been generated between the base layer and the emulsion layer; 

Fig. 1 2 is a schematic diagram showing relative positions of marking dots and the X-ray film in the third embodiment; 

Fig. 13A is a schematic diagram showing a PostNet notation example that is an example of a barcode, Fig. 13B 
55 is a schematic diagram showing the configuration of a bar used in a custom code that is an example of a barcode, 

and Fig. 13C is a schematic diagram showing a custom code notation example; 

Fig. 14 is a schematic structural diagram showing an example of an experimental device used in Experimental 
Example 3 in the third embodiment; 
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Fig. 15 is a schematic diagram showing evaluation samples of experimental results using the experimental device 
of Fig. 14; 

Figs. 16A to 16F show outlines of dots formed on the X-ray film, with Fig. 16A being a schematic diagram of 
defocused dots shorter than a focal point position, Fig. 1 6B being a schematic cross-sectional diagram of Fig. 1 6A, 
Fig. 16C being a schematic diagram of dots at the focal point position, Fig. 16D being a cross-sectional diagram 
of Fig. 16C, Fig. 16E being a schematic diagram of defocused dots longer than the focal point position, and Fig. 
16F being a schematic cross-sectional diagram of Fig. 16E; 

Fig. 17 is a schematic structural diagram of a marking device used in a fourth embodiment; 
Fig. 18A is a schematic structural diagram showing an example of a wet film used as a photosensitive film, and 
Fig. 1 8B is a schematic structural diagram showing an example of a dry film used as the photosensitive film; 
Fig. 1 9A is a schematic diagram in which dots formed by the marking device are seen from an undersurface layer 
of the X-ray film, and Fig. 19B is a schematic diagram in which the dots formed by the marking device are seen 
from a surface layer of the X-ray film; 

Fig. 20 is a line diagram showing changes in transmittance, with respect to a laser beam wavelength, of a BPC 
layer forming the undersurface layer; 

Fig. 21 is a schematic structural diagram of an experimental device used in the evaluation of dot forms in the fourth 
embodiment; 

Fig. 22 is a schematic structural diagram of a photosensitive material processing system used in a fifth embodiment 
of the invention; 

Fig. 23 is a schematic structural diagram of an X-ray film used as a photosensitive material in the fifth embodiment 
of the invention; 

Fig. 24 is a schematic structural diagram of a cutter device applied to the fifth embodiment; 
Fig. 25 is a schematic diagram showing an example of a slitting pattern when X-ray film processing is conducted; 
Fig. 26 is a main parts perspective diagram showing an outline of dispositions of a marking head and the X-ray film; 
Figs. 27A to 27D are schematic diagrams showing applicable examples of marking patterns; 
Figs. 28A and 2BB are schematic diagrams showing examples of final X-ray films, with Fig. 28A showing an ex- 
ample in which a marking pattern is formed at a longitudinal-direction end of the X-ray film, and Fig. 28B showing 
an example in which a marking pattern is formed at a width-direction end of the X-ray film; 
Fig. 29 is a schematic structural diagram of a cutter device used in a sixth embodiment; and 
Figs. 30A and 30B are schematic diagrams of an X-ray film 112 showing examples of marking patterns formed in 
the sixth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 First Embodiment 

[0104] Embodiments of the invention will be described below with reference to the drawings. 
[0105] Fig. 1 shows the schematic configuration of a marking device 10 used in the present embodiment. In the 
marking device 10, a long X-ray film (photosensitive material) 12 that is wound in a roll is used as a printed body and, 
•to jn a process in which the X-ray film 12 is conveyed, the X-ray film 12 is marked by irradiating laser beams LB onto a 
surface of the X-ray film to form a marking pattern, such as characters and symbols. 

[0106] As shown in Fig. 2A, the X-ray film 12, which is used as a photosensitive material in the present embodiment, 
is one in which PET (polyethylene terephthalate) is used for a base layer 14, which is a support, and an emulsion is 
coated on at least one side of the base layer 14 to form an emulsion layer 16. 

[0107] As shown in Fig. 1 , the X-ray film 12 is wound in a roll around a roll core 18, with the emulsion layer 16 facing 
outward. The marking device 1 0 pulls the X-ray film 1 2 out from the outermost layer. 

[0108] The X-ray film 12 that has been pulled out from the outermost layer is wound around a pass roll 20, the 
conveyance direction of the X-ray film 12 is changed at a substantial right angle upward (upward with respect to the 
page of Fig. 1) from a traveling direction (the direction of arrow A in Fig. 1), and the X-ray film 12 is wound around a 

50 pass roll 22. The X-ray film 1 2 is wound around the pass roll 22, the conveyance direction of the X-ray film 1 2 is changed 
at a substantial right angle to the traveling direction, and the X-ray film 12 is conveyed to a print roll 24. 
[01 09] I n the marking device 1 0, the position at which the X-ray film 1 2 is wound around the print roll 24 is set as an 
irradiation position of the laser beam LB. The X-ray film 12, whose direction has been changed at a substantial right 
angle downward from the traveling direction by the print roll 24, is nipped between rolls 26 that are disposed in a pair, 

55 the conveyance direction of the X-ray film 12 is changed at a substantial right angle to the traveling direction, and the 
X-ray film 12 is sent toward small rolls 28 and 30. 

[01 10] A suction drum 32 is disposed between the small rolls 28 and 30, a substantially U-shaped conveyance path 
is formed between the small rolls 28 and 30, and the X-ray film 12 is wound around the suction drum 32 between the 
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small rolls 28 and 30. 

[0111] Plural small holes (not shown) are disposed in an outer peripheral surface of the suction drum 32. The X-ray 
film 12 wound around the peripheral surface of the suction drum 32 is sucked and retained thereon by air suction, and 
the suction drum 32 is movable downward (with respect to the page of Fig. 1) by its own weight or by an urging force 
5 of unillustrated urging means. Thus, because back tension is imparted to the X-ray film 12, a state in which the X-ray 
film 12 is closely adhered to the print roll 24 is maintained when the X-ray film 24 passes around the print roll 24. 
[01 12] The X-ray film 1 2 that is sent from the rolls 26 is conveyed in a substantial U shape between the pair of small 
rolls 28 and 30 and sent from the small roll 30. The X-ray film 12 that has passed around the small roll 30 is wound 
around a roll core 34. 

10 [0113] A winding control device 36 is disposed in the marking device 10. The roll cores 18 and 34 and the suction 
drum 32 are rotatingly driven by a driving force of drive means (not shown), such as a rotating motor, at a predetermined 
rotational speed by a drive signal from the winding control device 36, to thereby convey the X-ray film 12. 
[0114] In the marking device 10, because the roll cores 18 and 34 are basically rotatingly driven at the same linear 
velocity to convey the X-ray film 12. and because the suction drum 32 is rotated while it sucks and retains the X-ray 

15 film 12, the rotational speed of the suction drum 32 is the same as the speed (linear velocity) at which the X-ray film 
12 is conveyed at the print roll 24. 

[01 1 5] A rotary encoder 38 is attached to the suction drum 32 and outputs a pulse signal corresponding to the rotation 
angle of the suction drum 32. In the marking device 10, it becomes possible to monitor the conveyance length and the 
conveyance speed of the X-ray film 12 from Ihe pulse signal outpulted from the rotary encoder 38. 
20 [0116] A marking head 42 that emits the laser beams LB and a laser control device 40 that controls the emission of 
the laser beams LB are disposed as marking means in the marking device 10. The rotary encoder 38 is connected to 
the laser control device 40, and a pulse signal corresponding to the conveyance of the X-ray film 12 is inputted to the 
laser control device 40. 

[0117] As shown in Figs. 1 and 3, the marking head 42 is disposed so that an emission aperture of the laser beams 
25 LB, which emission aperture is a tip portion of the marking head 42, faces the X-ray film 12 wound around the print 
roll 24. The marking head 24 includes a laser oscillator 44 and a beam deflector 46 that includes an unillustrated 
condenser lens, and emits the laser beams LB emitted from the laser oscillator 44 toward the X-ray film 12 wound 
around the print roll 24. 

[01 1 8] The laser oscillator 44 used in the present embodiment emits laser beams LB of a constant oscillation wave- 
30 length at a predetermined timing and at a predetermined time width (pulse width) on the basis of a drive signal from 
the laser control device 40 (not shown in Fig. 3). 

[0119] The beam deflector 46 is disposed with, for example, an AOD (acousto-optical device), and includes the 
function of scanning the laser beams LB using a deflection signal from the laser control device 40 in a direction or- 
thogonal to the conveyance direction of the X-ray film 12. It should be noted that each scanned laser beam LB is 

35 focused into an image so that a predetermined spot diameter is formed on the X-ray film 12 by the condenser lens. 

~" ~ "[0120] A pattern signal corresponding to the marking pattern (characters and symbols) to be recorded on the X-ray 
film 12 is inputted to the laser control device 40 from the winding control device 36. The laser control device 40 outputs 
the drive signal to the laser oscillator (C0 2 laser) 44 in response to the pattern signal while monitoring the conveyance 
length of the X-ray film 12 on the basis of the pulse signal outputted from the rotary encoder 38 in correspondence to 

•*o the conveyance of the X-ray film 1 2, and outputs the deflection signal to the beam deflector 46. 

[0121] Thus, the marking head 42 scans the laser beams LB onto the X-ray film 12 while the laser beams LB are 
turned on/off in accordance with a marking pattern MR 

[01 22] At this time, as shown in Fig. 3, the marking head 42 scans and emits the laser beams LB onto the X-ray film 
12, using the direction in which the laser beam LB is scanned by the beam deflector 46 as a main scanning direction 
45 and using the conveyance direction (the direction of the arrow in Fig. 3) of the X-ray film 12 as a subscanning direction, 
to thereby form the marking pattern (here, letters) MP on the X-ray film 12. 

[0123] As shown in Figs. 3, 4A and 4B, the marking pattern MP can be formed using characters, symbols and letters 
that are formed by a predetermined dot arrangement in which, for example, one character is 5x5 dots. As shown in 
Fig. 4B, the marking pattern MP can also be formed with an optional configuration using plural characters, numbers, 
50 and symbols formed by the dot arrangement. 

[0124] As shown in Figs. 3 and 4A, when the X-ray film 1 2 is to be cut (a cutting line 48 is represented by the dotted 
line) in a longitudinal direction and processed into sheets or a roll of a small width, it is also possible to form a marking 
pattern MP on both sides of the cutting line 48, in which the top/bottom orientations of the marking patterns MP are 
reversed. 

55 [0125] As shown in Figs. 1 and 3, when the X-ray film 12 is wound around the print roll 24, the marking head 42 is 
disposed so as to face the X-ray film 1 2 at a position slightly raised from a peripheral surface of the print roll 24. Thus, 
the laser beams LB that have been transmitted through the X-ray film 12 are prevented from heating dust adhering to 
the peripheral surface of the print roll 24 and generating fogging in the X-ray film 12. 
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[0126] As mentioned above, a C0 2 laser is used in the marking device 10 as one example, and a laser oscillating 
tube that oscillates a C0 2 laser of a predetermined wavelength at a predetermined output is used for the laser oscillator 
44 of the marking head 42. 

[0127] The action of the present embodiment will be described below. 
5 [01 28] In the marking device 1 0 configured in this manner, the pulling-out of the X-ray film 1 2 wound around the roll 
core 18 and the conveyance and winding toward the roll core 34 of the X-ray film 12 are initiated by the drive signal 
outputted from the winding control device 36. 

[0129] The suction drum 32 is controlled by the winding control device 36 to begin rotating and initiate air suction, 
to thereby suck and retain the X-ray film 12 wound around the peripheral surface of the suction drum 32. Thus, the X- 

10 ray film 12 is sent out at a predetermined linear velocity while being pulled in. At this time, the suction drum 32 imparts 
a predetermined tension to the X-ray film 12 using its own weight or an urging force of urging means. 
[0130] Here : because the roll diameters of the roll cores 18 and 34 continuously change, there are cases where it 
is difficult to maintain a constant linear velocity. As a result, the X-ray film 12 can sometimes become tight or slack 
during conveyance. However, because the suction drum 32 reliably retains the X-ray film 1 2 by air suction, there is no 

*5 slippage of the X-ray film 12 at the suction drum 32. 

[0131] Thus, the rotational speed (peripheral velocity) of the suction drum 32 is a linear velocity that serves as a 
standard for the conveyance system of the X-ray film 12, and the linear velocity of the X-ray film 12 on the print roll 24 
is the same as the peripheral velocity of the suction drum 32. 

[0132] The laser control device 40 delects the rotational stale of the suction drum 32 using the rolary encoder 38. 

20 [0133] When the pattern signal corresponding to the marking pattern MP to be recorded on the X-ray film is inputted 
to the laser control device 40 from the winding control device 36, the laser control device 40 monitors the conveyance 
length of the X-ray film 12 on the basis of the pulse signal outputted from the rotary encoder 38 so that, for example, 
when the conveyance length of the X-ray film reaches a preset length, the laser control device 40 outputs the drive 
signal to the laser oscillator (C0 2 laser) 44 on the basis of the pattern signal and outputs the deflection signal to the 

25 beam deflector 46. 

[0134] Thus, the laser beams LB emitted from the laser oscillator 44 are scanned and irradiated onto the X-ray film 
12 wound around the print roll 24, whereby the dot-like marking patterns MP corresponding to the pattern signal are 
formed on the X-ray film 12. 

[0135] It should be noted that the description above relating to the first embodiment is also applicable to the second, 
30 third and fourth embodiments. 

[01 36] In order for the marking pattern M P represented by the dot pattern arrangement to be formed with high quality, 

it is necessary for the diameter (about 1 00 urn) of each dot pattern to be substantially constant and for the laser beam 

LB to be irradiated at a position at which the conveyance speed of the X-ray film 12 is maintained at a constant. 

[0137] The distance between the marking head 42 and the X-ray film 12 is maintained at a constant by the X-ray 
35 film 12 being wound around the print roll 24. Moreover, the X-ray film 12 is sucked and retained by the suction drum 

32, and irradiation of the laser beam LB is conducted at a position on the print roll 24, at which the conveyance speed 

of the X-ray film 12 matches the linear velocity of the suction drum 32. 

[0138] In the present embodiment, as shown in Figs. 2B and 5, a dot pattern 16A is convexly formed with respect 
to the emulsion layer 1 6. Plural, minute air bubbles 1 6B are disposed in the expanded interior of the dot pattern 1 6A. 

40 [01 39] The degree of convexity of the dot pattern 1 6A and the sizes (diameters) of the air bubbles 1 6B are generated 
in a process in which the emulsion layer 16 is melted by thermal energy resulting from the laser beam LB being irra- 
diated. In the present embodiment, the irradiation time of the laser beam is controlled so that the degree of convexity 
of the dot pattern 16A is 10 urn or less and the diameters of the air bubbles 16B are 1 to 5 jim. 
[01 40] Numerous boundary films are formed between the air bubbles 1 6B by the plural minute air bubbles 1 6B being 

45 formed, and because the diffuse reflection of light is promoted, the amount of reflected light varies greatly between the 
inside and the outside of the dot pattern 1 6A. For this reason, the visibility of the dot pattern 1 6A can be raised regardless 
of whether the X-ray film 12 is undeveloped or developed and regardless of the contrast in density. 
[0141] The irradiation time of the laser beam in order for the plural minute air bubbles 16Bto be disposed inside the 
convex dot pattern 16A is in the range of 1 usee to 15 usee (see Fig. 7), with the oscillation wavelength of the laser 

50 beam oscillator 44 being a 9 um band (9.3 um, 9.6 urn). 

[0142] Although it is possible to form the convex dot pattern 16A of the above-described conditions in the range of 
5 usee to 8 usee (seo Fig. 7) when the oscillation wavelength of the laser oscillator 44 is 1 0.6 u.m, a 9 um waveband 
laser oscillator 44 is used in order to improve working efficiency. 

[0143] In the present embodiment, it is preferable that the irradiation time of the laser beam is further controlled to 
55 the extent that a space S (see Fig. 7, which is described later) cannot be formed at the boundary between the base 
layer 14 and the emulsion layer 16. It should be noted that the space S is different from the minute air bubbles 16A 
formed in the convex dot pattern 1 6A. 

[0144] When the space S is generated between the base layer 14 and the emulsion layer 1 6, visibility is high at the 
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point in time when the laser beam is irradiated and the dot pattern 16A is formed, but the emulsion layer 16 positioned 
over the space S is scattered and opened by conducting post-processing such as development. This becomes a form 
that is the same as when the dot pattern 16A is formed (see Fig. 8, which is described later) when the set irradiation 
time (1 5 usee for a 9 urn waveband and 1 8 usee for a 1 0.6 u.m wavelength) is exceeded. That is, by adding the condition 

5 that the space S should not be present, the range of the irradiation time narrows from 1 to 1 0 usee for a 9 urn waveband 
and 5 to 8 u.sec for a 10.6 u.m wavelength, but it becomes possible to reduce differences between the evaluation of 
visibility at the manufacturing stage and the evaluation of visibility by a user. Although differences virtually disappear 
between a 9 urn waveband and the 10.6 urn wavelength with respect to the above-described irradiation times, the 
degree of convexity when the dot pattern 1 6A is formed by a 9 u.m waveband becomes twice that when the dot pattern 

10 16A is formed by the 10.6 u,m wavelength with respect to an irradiation time of 6 to 8 usee. From the standpoint of 
visibility, a 9 u.m waveband is preferable. 

[0145] The direction in which the laser beam LB is scanned by the laser deflector 46 is the main scanning direction, 
and the direction in which the X-ray film 12 is conveyed is the subscanning direction. Marking is accomplished with 
5x5 dots. 

15 [0146] In the present embodiment, the dot pattern configuring the marking pattern MP is convexly formed in the 
emulsion layer 16, and the plural minute air bubbles 1 6B are disposed in the expanded interior of the dot pattern 1 6A. 
[0147] By making the dot pattern 16A convex, the formation region of the minute air bubbles 16B can be enlarged, 
and because the plural minute air bubbles 16B are formed, the diffuse reflection of light is promoted by the boundary 
films belween the air bubbles 16B and a large difference in reflectance between the inside and the outside of the dot 

20 pattern 1 6A can be created. Thus, the visibility of the dot pattern 1 6A can be raised regardless of the contrast in density 
of the X-ray film 12. 

[0148] In order for the plural minute air bubbles 16B to be disposed inside the convex dot pattern 16A, the irradiation 
time of the laser beam is in the range of 6 u^sec to 1 5 jxsec when the oscillation wavelength of the laser beam oscillator 
44 is a 9 urn band (9.3 urn, 9.6 pm). 

25 [0149] In the present embodiment, the irradiation time of the laser beam is controlled to the extent that the space S 
cannot be formed at the boundary between the base layer 14 and the emulsion layer 16. This is because, when the 
space S arises between the base layer 14 and the emulsion layer 16, visibility is high at the point in time when the 
laser beam is irradiated and the dot pattern 16A is formed, but the emulsion layer 16 positioned over the space S is 
scattered and opened by conducting post-processing such as development, whereby the base layer 14 becomes ex- 

30 posed. When the base layer 14 is exposed, visibility becomes extremely low. 

[0150] By adding the condition that the space S should not be present, the range of the irradiation time narrows to 

6 to 10 iisec for a 9 urn waveband, but it becomes possible to reduce differences between the evaluation of visibility 
at the manufacturing stage and the evaluation of visibility by a user. 

35 (Experimental Example 1) 

[0151] Fig. 6 shows an experimental device 350 for obtaining marking visibility when a C0 2 laser is used as the laser 
oscillator 44. 

[01 52] Because scanning of the laser LB was unnecessary in the experimental device 350, a condenser lens 54 was 
-to disposed at an emission end of the laser oscillator (C0 2 laser) 44 that was driven and controlled by the laser control 
device 40, evaluation samples 56 were substituted for the X-ray film 1 2 and flatly moved, and the marking forms formed 
on the evaluation samples 56 were observed. 

[0153] The experiment was one in which visibility was observed for each of three types of C0 2 laser oscillation 
wavelengths, and the conditions were as follows. 
-f5 Nd: C0 2 laser 

Irradiation time: 4 stages (see Figs. 7 and 8) 
Spot diameter: 0.1 mm 

Test oscillation wavelengths: 9.3 urn, 9.6 um : 10.6 u.m 

Evaluation samples: Emulsion layer of 2 to 5 pm disposed on a 1 75 um-thick PET layer 
so [0154] The evaluations in Experimental Example 1 are shown in Figs. 7 and 8. With respect to the evaluations, Fig. 

7 shows cases where nothing was done to the evaluation samples after laser beam irradiation, and Fig. 8 shows cases 
where the evaluation samples were developed after laser beam irradiation. 

[01 55] First, in Fig. 7, when only the facts that the degree of convexity was 1 0 urn or less and plural minute air bubbles 
1 6B were formed were used as the evaluation items, the dot patterns 1 6A evaluated as being proper were formed with 
55 the 9 jam waveband with respect to the three stages of a 1 to 5 usee irradiation time, a 6 to 10 usee irradiation time, 
and a 11 to 15 usee irradiation time. 

[0156] The dot pattern 16A was evaluated as being proper when it was formed with the 10.6 um wavelength with 
respect to the two stages of a 5 to 8 usee irradiation time and a 9 to 18 usee irradiation time. 
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[0157] When these are put together, it will be understood that the 9 jim waveband laser beams used a shorter irra- 
diation time to obtain a degree of convexity of a maximum of 10 pm and, as a result, visibility was also improved in 
that it was possible to form numerous minute air bubbles 1 6B. 

[0158] Next, in Fig. 8. when the fact that there was no separation (scattering) of the dot pattern 16A resulting from 
5 the presence of the space S between the base layer 14 and the emulsion layer 16 was added as an evaluation item 
in addition the facts that the degree of convexity was 1 0 urn or less and plural minute air bubbles 16B were formed, 
the dot patterns 1 6A were evaluated as being proper when they were formed with the 9 u,m waveband with respect to 
the two stages of a 1 to 5 usee irradiation time and a 6 to 1 0 usee irradiation time. 

[0159] The dot pattern 16A was evaluated as being proper when it was formed with the 10.6 urn wavelength with 

10 respect to the one stage of a 5 to 8 jisec irradiation time. 

[0160] That is, it will be understood that, because the space S is generated and the emulsion layer 16 is scattered 
the longer the irradiation time becomes, it is best to form the dot pattern 1 6A so that the degree of convexity reaches 
the maximum of 10 urn in a short irradiation time. For this reason, by forming the dot pattern 16A in an irradiation time 
of 6 to 10 usee with a 9 jam waveband, high visibility can always be obtained at the time of manufacture and at the 

15 time of use by a user, i.e., regardless of whether the X-ray film is undeveloped or developed, and regardless of the 
contrast in the density of the X-ray film. 

[0161] As described above, the first embodiment of the invention has excellent effects in that visibility can be quan- 
titatively judged, improvement of the original image quality of the photosensitive material is maintained, and dot pattern 
visibility can be improved. 

20 [01 62] In addition to these effects, there is also the effect that dot pattern forms that exert a large influence on visibility 
do not change between the time of dot pattern formation and processing thereafter. 

Second Embodiment 



25 [0163] A second embodiment of the invention will be described below with reference to the drawings. Description of 
matters that have already been described in regard to the first embodiment will be omitted. 

[0164] In the marking device 10shown in Fig. 1 , convex dots 16A are formed on the X-ray film 12, as shown in Fig. 
9B, by the laser beam LB emitted from the marking head 42, and characters and symbols configuring the marking 
pattern M P are formed by the arrangement of the dots 1 6A (see Figs. 3, 4A and 4B). 

30 [0165] The minute air bubbles 16B are generated inside the X-ray film 12 in a process in which the emulsion layer 
1 6 is melted by the thermal energy of the laser beam LB by the laser beam LB being irradiated onto the emulsion layer 
16. whereby the surface of the X-ray film becomes convex due to the minute air bubbles 16B. 
[0166] In the present embodiment, the amount of energy when the dots 16A are formed is set so that the diameter 
of the air bubbles 1 6B is about 1 to 5 urn, the degree of convexity of the dots 1 6A resulting from the minute air bubbles 

35 16B is about 10 jam, and the diameter of the dots 16A is about 200 u.m. 

[0167] In the X-ray film 12, numerous boundary films areformed between the air bubbles 16Bandthe diffuse reflection 
of light is promoted by the numerous air bubbles 1 6B being generated in the emulsion layer 1 6. Thus, in the X-ray film 
12, the amount of reflected light greatly varies between the inside and the outside of the dots 16A, and visibility of the 
dots 16A is improved regardless of whether the X-ray film 12 is undeveloped or developed and regardless of contrast 

*o in density. 

[0168] The dots 1 6A formed in this manner on the X-ray film 1 2 become milky-white and reliably visible when seen 
from above the X-ray film 12 and even when the X-ray film 12 is tilted. That is, highly visible dots 16A are formed on 
the X-ray film 12. 

[0169] As shown in Fig. 9C, in the X-ray film 12, a space 14A is generated between the base layer 16 and the 
■*s emulsion layer 16 due to the irradiation time of the laser beam LB becoming longer. The space 14A is different from 
the air bubbles 1 6B generated in the emulsion layer 1 6 in that the space 1 4A is large. When the space 1 4A is generated 
in the X-ray film 12, the visibility of the dots 16A becomes higher in a state in which the X-ray film 12 is undeveloped, 
which is immediately after irradiation of the laser beam LB. However, when the X-ray film 1 2 is developed, the emulsion 
layer 16 above the space 14A scatters, separates, and opens, whereby the base layer 14 is exposed, the visibility of 
50 the dots 1 6A drops, and the dots 1 6A disappear. 

[0170] Thus, in the marking device 10, a laser oscillator 44 that has a large output is used to impart a predetermined 
amount of energy in a short time to the X-ray film 12. That is, in the marking device 10, the laser oscillator 44, which 
has a large oscillation output, is used to impart energy capable of forming proper dots 1 6A in a short laser beam LB 
irradiation time. 

55 [0171] For example, when a laser beam LB having an oscillation wavelength of 9.6 urn is used, the output of the 
laser oscillator 44 is set to 50 W or higher and the irradiation time of the laser beam LB is set to 14 j.tsec or lower in 
order to form proper dots 16A on the X-ray film 12 with 0.7 mJ of energy 

[01 72] By shortening the time in which one dot 1 6A is formed, it becomes possible to form numerous dots 1 6A along 
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the direction orthogonal to the conveyance direction of the X-ray film 12 using one marking head 42 (laser oscillator 
44). Thus, in the marking device 10, laser beams LB emitted from one marking head 42 are scanned along the direction 
orthogonal to the conveyance direction of the X-ray film 12 to form plural marking patterns MP on the X-ray film 12. 
[0173] Although it is possible to use a 9 urn band, such as 9.6 |im, or a 10 u/n band, such as 10.6 urn, as the 

5 wavelength of the laser beam LB, when the same amount of energy is to be imparted at the same output to the X-ray 
film 12, the irradiation time becomes slightly longer when the oscillation wavelength becomes longer. Also, the degree 
of convexity of dots 1 6A that are formed using a 9 jam band laser beam LB is almost twice as much as the degree of 
convexity of dots 16A that are formed using a 10 um band laser band LB, and visibility becomes higher. 
[0174] Thus, it is preferable for the oscillation wavelength of the laser beam LB when the marking pattern MP is 

10 formed on the X-ray film 1 2 to be a 9 um band. 

[0175] The marking head 42 disposed in the marking device 10 imparts to the X-ray film 12 energy that is necessary 
for forming proper dots 16A in a short laser beam LB irradiation time using the relatively high output laser oscillator 
(laser oscillating tube) 44. 

[0176] The emulsion layer 16 of the X-ray film 12 is melted by the laser beam LB being irradiated thereon. The 
15 numerous minute air bubbles 1 6B are generated in this process, the surface of the emulsion layer 1 6 projects convexly, 
and the dots 16A are formed. At this time, melting, evaporation, and scattering arises in the emulsion layer 16 when 
the energy of the laser beam irradiated onto the X-ray film 12 becomes large, but in the marking device 1 0, the irradiation 
time and the oscillation output of the laser oscillator 44 are set to impart energy necessary for forming proper dots 1 6A 
(e.g., 0.7 mJ when a laser beam LB having a 9.6 jim wavelength is used). 
20 [0177] Thus, unnecessary melting, evaporation, and scattering do not arise in the emulsion layer 16 of the X-ray film 
12. 

[01 78] Also, in the marking device 1 0, because scattering of the emulsion layer 1 6 is suppressed when the dots 1 6A 
are formed on the X-ray film 12, it is possible to prevent fogging from being generated in the X-ray film 12 due to 
scattered emulsion layer being burned by the laser beam LB that is subsequently irradiated onto the X-ray film 12. and 
25 to prevent the laser beam LB irradiated onto the X-ray film 12 from being obstructed. 

[0179] Thus, the marking device 10 does not cause a drop in product quality resulting from fogging in the X-ray film 
12, and can form a highly visible marking pattern MP. 

[0180] Also, in the marking device 10, by shortening the time in which one dot 16A is formed, the laser beam LB is 
scanned in the width direction of the X-ray film 12 and plural dots 16A can be formed along the width direction of the 
30 X-ray film 12. 

[0181] Thus, in the marking device 10, the marking pattern MP resulting from the dot arrangement can be formed 
on the X-ray film 12 without using numerous marking heads (laser oscillators 44). 

[0182] In the marking device 10, by using the high output laser oscillator 44, the irradiation time of the laser beam 
LB when forming proper dots 16A is further shortened. 
35 [0183] That is, when the time during which the laser beam LB is irradiated onto the X-ray film 12 becomes long, heat 
* that is generated by the laser beam LB being irradiated is transmitted as far as the base layer 1 4 inside the X-ray film 
12 and the space 14A is generated between the base layer 14 and the emulsion layer 16. 

[0184] Although the space 14A improves the visibility of the dots 16A immediately after the dots 16A have been 
formed on the X-ray film 12, the emulsion layer 16 above the space 14A is separated from the base layer 14 by 
-to developing the X-ray film 12, and the base layer 14 is exposed at positions where there should be dots 16A. Thus, the 
visibility of the dots 16A is greatly lowered, and the dots 1 6A substantially disappear. 

[01 85] By using the laser oscillator 44 whose output is large in the marking device 1 0, the irradiation time of the laser 
beam LB is shortened, whereby the space 14A is prevented from being generated between the base layer 14 and the 
emulsion layer 1 6, dots 1 6A that are highly visible even after development are formed, and high visibility of the marking 
-*5 pattern MP formed by the dots 1 6B can be secured. 

[0186] That is, differences in the evaluation of the visibility of the marking pattern MP between the stage of manu- 
facturing the X-ray film 12 and the stage when Ihe X-ray film 12 is used by a user can be reduced. 

(Experimental Example 2) 

50 

[01 87] Here : results are shown of a test in which the forms of the dots 1 6A were evaluated when energy necessary 
for forming proper dots was imparted by controlling the irradiation time of laser beams LB using laser oscillators of 
different outputs. 

[0188] Fig. 10 shows the schematic structure of the experimental device 350 for conducting marking using the laser 
55 oscillator 44 that oscillates a C0 2 laser. 

[0189] Because scanning of the laser beam LB was unnecessary in this test, the condenser lens 54 was disposed 
at the emission end of the laser oscillator 44 driven by the laser control device 40, and the laser beam LB was irradiated 
towards photosensitive material samples 56 that were used in place of the X-ray film 1 2. It should be noted that, in the 
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experimental device 350, the beam diameter of the laser beam LB emitted from the laser oscillator 40 was about 4 
mm, the condenser lens 54 was disposed away from and above the sample 56 by a distance L of 75 mm, the spot 
diameter was about 0.2 mm. and the laser beam LB was condensed to be irradiated in a spot. 
[0190] Here, the form evaluation test was conducted using, as the samples 56, a one-sided photosensitive material, 

s in which the emulsion layer 16 was formed on one side of the base layer 14, a double-sided photosensitive material, 
in which the emulsion layer 1 6 was formed on both sides of the base layer 14, and a one-sided photosensitive material, 
in which the emulsion layer 16 was formed on one side of the base layer 14 and that was a thermally-developed 
photosensitive material in which a latent image formed by exposure is visualized by heating the emulsion layer 16. 
Each sample 56 comprised a 175 u,m-thick PET base layer 14 on which an emulsion was coated to form a 2 to 5 jim- 

10 thick emulsion layer 1 6. 

[0191] With respect to the samples 56, ^M" (brand manufactured by Fuji Photo Film Co., Ltd.), which is an X-ray 
film coated on one side with an emulsion, was used for the one-sided photosensitive material, W CR9" (brand manufac- 
tured by Fuji Photo Film Co., Ltd.), which is an X-ray film coated on both sides with an emulsion, was used for the 
double-sided photosensitive material, and "AL5" (brand manufactured by Fuji Photo Film Co. , Ltd.), which is a thermally- 

15 developed film coated on one side with an emulsion, was used as the thermally-developed photosensitive film. 

[0192] Prior to the form evaluation experiment, the laser energy per wavelength necessary for forming proper dots 
1 6A on each sample 56 was determined, and Table 1 shows the laser energy per wavelength for each sample 56. 



Table 1 



Type 


Representative Brand 


9.6 um Wavelength 


1 0.6 urn Wavelength 


Double-sided Photosensitive Material 


S4M 


0.7 mJ 


1.8 mJ 


One-sided Photosensitive Material 


CR9 


0.7 mJ 


1 .8 mJ 


Thermally-developed Photosensitive 
Material (One-sided) 


AL5 


1.0 mJ 


2.5 mJ 



[01 93] The energy necessary for forming proper dots 1 6A on the photosensitive materials shown in Table 1 differed 
depending on the brand (mainly the emulsion layer 1 6). The energy also varied depending on the wavelength of the 
30 laser beam LB. 

[0194] With respect to the test for evaluating the forms of the dots 16A using the experimental device 350, the dots 
1 6A were formed on the samples 56 using laser oscillators 44 whose oscillation outputs were 1 W, 1 0 W, 25 W, 50 W, 
75 W, and 100W for each of the oscillation wavelengths of 9.6 u.m and 10.6 u.m. It should be noted that, because the 
laser oscillators 44 generated a laser beams LB of a fixed wavelength, the laser oscillators 44 were changed when the 

35 wavelength was changed. 

[0195] The pulse width of the drive pulse driving the laser oscillators 44 that is the irradiation time of the laser beam 
LB was set, per wavelength of the laser beam LB in regard to each sample 56, in accordance with the energy necessary 
for forming proper dots 16A and the outputs of the laser oscillators 44. That is, the irradiation time (pulse width of the 
drive pulse) of the laser beam LB was set per output of the laser oscillators 44 so that energy for forming proper dots 

40 1 6A was imparted to each sample 56. 

[0196] For example, because the energy necessary for fanning proper dots 16A on the one-sided photosensitive 
material using the 9.6 ujti wavelength laser beam LB was 0.7 mJ, when the oscillation outputs are 1 W, 10 W, 25 W, 
50 W, 75 W, and 1 00W, the pulse widths that are the irradiation times of the laser beam LB in the outputs were 0.7 
msec, 70 usee, 28 usee, 14 jisec, 9.3 jasec, and 7 jisec, so that the irradiation time became shorter the larger the 

45 output became. 

[0197] Tables 2 to 4 show the results of evaluation of dot forms with respect to the outputs of the laser oscillators 44 
when the dots 1 6A were formed using 9.6 pm and 1 0.6 u.m wavelength laser beams LB per sample 56 (Table 2 refers 
to the one-sided photosensitive material, Table 3 refers to the double-sided photosensitive material, and Table 4 refers 
to the thermally-developed photosensitive material). 
50 [0198] In the evaluations shown in Tables 2 to 4, the following symbols were used. 

[0199] "C indicates that only the emulsion layer became milky-white and expanded (foamed), and that dots with 
good visibility and whose presence could be recognized at a glance were formed. 

[0200] "A" indicates that part of the base layer (support) was exposed, that there were portions that had become 
dark, and that dots with insufficient visibility were formed. 
55 [0201] "x" indicates that the base layer was completely exposed, and that dots with poor visibility and whose pres- 
ence could not be recognized at a glance were formed. 

[0202] The evaluations were conducted after developing the samples 56 on which the dots 16A were formed. 
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Table 2 



Output of Laser 
O^HIIator 




Laser Beam Wavelength 






9.6 u.m Wavelength 


10.6 jim Wavelength 




Pulse Width 
(Irradiation Time) 


Form Evaluation 


Pulse Width 
(Irradiation Time) 


Form Evaluation 


100 


7 ^sec 


O 


1 8 jxsec 


O 


75 


9.3 ixsec 


O 


24 usee 


O 


50 


14 jisec 


O 


36 usee 


A 


25 


28 |isec 


A 


72 u.sec 


A 


10 


70 fisec 


A 


1 80 usee 


X 


1 


0.7 msec 




1 .8 msec 





Table 3 



30 



35 



Output of Laser 
Oscillator 


Laser Beam Wavelength 


9.6 urn Wavelength 


10.6 urn Wavelength 




Pulse Width 
(Irradiation Time) 


Form Evaluation 


Pulse Width 
(Irradiation Time) 


Form Evaluation 


100 


7 jisec 


O 


1 8 usee 


O 


75 


9.3 usee 


O 


24 usee 


O 


50 


14 jisec 


O 


36 u,sec 


A 


25 


28 jisec 


A 


72 jisec 


A 


10 


70 ^isec 


X 


1 80 jisec 


x 


1 


0.7 msec 


V 


1 .8 msec 





Table 4 



Output of Laser 
Oscillator . 


Laser Beam Wavelength 


9.6 jim Wavelength 


10.6 jam Wavelength 




Pulse Width 
(Irradiation Time) 


Form Evaluation 


Pulse Width 
(Irradiation Time) 


Form Evaluation 


100 


1 0 usee 


. O 


25 usee 


O 


75 


13 usee 


o 


33 joscc 


O 


50 


20 jisec 


o 


50 u,sec 


A 


25 


40 usee 


A 


100 jisec 


A 


10 


1 00 jisec 


X 


250 jisec 


X 


1 


1 msec 


X 


2.5 msec 


X 



55 [0203] As shown, for example, in Table 2 t proper dots 16A were formed on the one-sided photosensitive material 
with the 9.6 jim wavelength laser beam LB when the irradiation time was 14 jisec or less and with the 10.6 u.m wave- 
length laser beam LB when the in*adiation time was 24 usee or less. However, when these irradiation times were 
exceeded, i.e., when the irradiation time became 28 fisec or more with the 9.6 jim wavelength laser beam LB and the 
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irradifltion time became 36 psec or more with the 10.6 |im wavelength laser beam LB, the visibility of the dots 16A 
dropped. 

[0204] As shown in Table 3 ; highly visible dots 16A were formed on the double-sided photosensitive material with 
the 9.6 pm wavelength laser beam LB when the irradiation time was 14 usee or less and with the 10.6 pm wavelength 

5 laser beam LB when the irradiation time was 24 psec or less. Additionally, as shown in Table 4, highly visible dots 1 6A 
were formed on the thermally-developed photosensitive material with the 9.6 pm wavelength laser beam LB when the 
irradiation time was 20 psec or less and with the 1 0.6 pm wavelength laser beam LB when the irradiation time was 33 
psec or less. However, with respect to the double-sided photosensitive material, when the irradiation time became 28 
lisec or more with the 9.6 pm wavelength laser beam LB and the irradiation time became 36 psec or more with the 

10 10.6 pm wavelength laser beam LB, the visibility of the dots 16A dropped. Moreover, with respect to the thermally- 
developed photosensitive material, when the irradiation time became 40 psec or more with the 9.6 pm wavelength 
laser beam LB and the irradiation time became 50 psec or more with the 10.6 jim wavelength laser beam LB, the 
visibility of the dots 1 6A dropped. 

[0205] That is, even when energy that could form proper dots 16A was imparted to the samples 56, the emulsion 
15 layer 1 6 melted and evaporated due to the irradiation time of the laser beam LB becoming longer, and heat resulting 
from the energy of the laser beam LB was transmitted to the base layer 1 4 and generated the space 1 4A between the 
base layer 14 and the emulsion layer 16. 

[0206] Thus, the visibility of the dots 16A dropped, and the visibility of the marking pattern MP forming the characters 
and symbols by the arrangement of the dots 16A also dropped. When the space 14A was generated between the base 
20 layer 14 and the emulsion layer 16, regardless of the fact that the visibility of the marking pattern MP and the dots 16A 
immediately after the marking pattern MP had been formed was relatively good, the visibility of the dots 16A and the 
visibility of the marking pattern MP formed by the dot arrangement dropped remarkably when the samples 56 were 
developed. 

[0207] By using the laser oscillator 44 of an oscillation output in which the irradiation time of the laser beam LB 
25 necessary for imparting energy that could form proper dots 1 6A was 20 usee or less in the case of the 9.6 pm wavelength 
laser beam LB and 25 psec or less in the case of the 1 0.6 pm wavelength laser beam LB when the laser beam LB was 
irradiated onto the samples 56 including the X-ray film 12 to form the dots 16A and the marking pattern MP resulting 
from the arrangement of the dots 16A that had good visibility, it was possible to form the dots 16A and the marking 
pattern MP resulting from the dot arrangement that had high visibility and in which there was no drop in visibility after 
30 development. 

[0208] That is, the laser beam LB whose oscillation output is high was used, the irradiation time of the laser beam 
LB was shortened, and energy that could form proper dots 1 6A was imparted to the photosensitive material such as 
the X-ray film 1 2 in a short time. 

[0209] Thus, it was possible to form the dots 16A and the marking pattern MP resulting from the dot arrangement 
35 that had high visibility after the laser beam LB had been irradiated and also prior to and after development. 

[0210] It should be noted that the above-described embodiment is not intended to limit the structure of the invention. 
For example, although an example was described in the embodiment in which mainly the X-ray film was used as the 
photosensitive material, the invention is not limited to the same. The invention can also be used in the formation of a 
marking pattern on a photosensitive material of an optional configuration. 
io [0211] As described above, according to the present embodiment, excellent effects are obtainable in that highly 
visible dots can be formed because proper dots are formed in a short time using laser oscillation means having a high 
oscillation output, and changes in the recognizability of the marking pattern resulting from the visibility of the dots 
dropping due to processing of the photosensitive material are prevented from arising, whereby high visibility can be 
secured. 

45 

Third Embodiment 



[0212] A third embodiment of the invention will be described below with reference to the drawings. Fig. 1 shows the 
schematic structure of the marking device 10 which, similar to the embodiments that have already been described, is 
used also in the present embodiment. Thus, common description will be omitted. 

[0213] In the present embodiment the marking device 1 0 can record a barcode as the marking pattern. 

[0214] Also, each scanned laser beam LB is condensed into a spot by the condenser lens and irradiated onto the 

X-ray film 12. 

[021 5] A C0 2 laser is used in the marking device 1 0 as one example, and a laser oscillating tube that outputs a C0 2 
laser of a fixed wavelength such as, for example, a 9 pm band, such as 9.6 pm, or a 10 pm band, such as 10.6 pm, is 
used for the laser oscillator 44 of the marking head 42. 

[0216] In the X-ray film 12, the minute air bubbles 16B having a diameter of about 1 to 5 pm are generated in the 
emulsion layer 16 in a process in which the emulsion layer 16 is melted by the energy (thermal energy) of the laser 
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beam LB due to the laser beam LB thai has been condensed into a spot being irradiated. The surface of the emulsion 
layer 16 becomes convex due to the air bubbles 16B and, as shown in Fig. 11 B, the dots 16A are formed. 
[021 7] Numerous boundary films are formed between the air bubbles 1 6B by the numerous air bubbles 1 6B being 
generated in the emulsion layer 1 6 of the X-ray film 1 2, and the diffuse reflection of light is promoted by these boundary 
5 films. Thus, in the X-ray film 12, the amount of reflected light varies greatly between the inside and the outside of the 
dots 16A, and the visibility of the dots 16A is improved regardless of whether the X-ray film 12 is undeveloped or 
developed and regardless of the contrast in density. 

[0218] Also, the dots 16A formed in this manner on the X-ray film 12 become milky-white and reliably visible when 
seen from above the X-ray film 12 and even when the X-ray film 12 is tilted. That is, highly visible dots 16A are formed 
10 on the X-ray film 12. 

[0219] When the marking pattern MP is formed by the dot arrangement, the degree of convexity of the dots 1 6A is 
set to about 10 urn, the diameter of the dots 16A is set to about 200 u,m, and the laser beam LB is irradiated at intervals 
at which the intervals between the dots 16A becomes appropriate. Thus, the highly visible dots 16A or the marking 
pattern MP resulting from the dot arrangement can be formed. 

15 [0220] As shown in Fig. 11 C, in the X-ray film 12, the space 14A is sometimes generated between the base layer 
1 6 and the emulsion layer 1 6 due to the irradiation of the laser beam LB. The space 1 4A is different from the air bubbles 
16B generated in the emulsion layer 16 in that the space 14A is large. When the space 14A is generated in the X-ray 
film 12, the visibility of the dots 16A becomes higher in a state in which the X-ray film 12 is undeveloped, which is 
immediately after irradiation of the laser beam LB. However, by developing the X-ray film 12 f the emulsion layer 16 

20 above the space 14A scatters, separates, and opens, whereby the base layer 14 is exposed. Thus, the visibility of the 
dots 1 6A of the marking pattern MP and the dots 1 6A formed on the X-ray film 1 2 drops : and the dots 16A disappear. 
[0221] As shown in Fig. 12, in the marking device 10, the conveyance path of the X-ray film 12 is disposed at a 
position at which the X-ray film 1 2 is further distanced from the marking head 42 than a focal point f of the laser beam 
LB emitted from the marking head 42, and the laser beam LB is irradiated onto the X-ray film 12 that is conveyed on 

25 this conveyance path. 

[0222] That is, in the marking device 1 0, the laser beam LB is defocused and irradiated onto the X-ray film 12. 
[0223] A beam waist is generated when the laser beam LB is condensed using the condenser lens and the like. For 
this reason, the beam diameter becomes substantially the same when it is in a predetermined range near the focal 
point f. Thus, when a printed body is marked using the laser beam LB, the focal point f of the laser beam LB is positioned 

30 substantially on the surface of the printed body, the laser beam LB is irradiated onto the printed body, and the beam 
diameter of the laser beam LB irradiated onto the printed body becomes substantially constant even if the distance 
between the marking head 42 and the printed body changes slightly. 

[0224] However, at the beam waist position of the laser beam LB, the energy of the laser beam LB becomes larger 
at a center portion of the spot than a peripheral portion of the spot. The beam diameter at the beam waist position of 

35 the laser beam LB becomes smaller than the dot diameter at which a predetermined visibility is obtained. 

[0225] For this reason, when the X-ray film 12 is disposed at the beam waist position of the laser beam LB and the 
laser beam LB is irradiated so that dots 1 6A that have a larger diameter than the spot diameter of the laser beam are 
formed, sometimes the energy of the laser beam LB is transmitted as far as the interior of the X-ray film 1 2 at the center 
portion of the spot of the laser beam LB, whereby the space 14A is generated between the base layer 14 and the 

40 emulsion layer 16. 

[0226] Thus, in the marking device 10, the laser beam LB is defocused and irradiated onto the X-ray film 12. 
[0227] Thus, in the marking device 10, the energy that the X-ray film 12 receives becomes substantially even in the 
spot of the laser beam LB irradiated onto the X-ray film 12, so that when the dots 16A of a predetermined diameter 
are formed, the space 14A (see Fig. 11C) is prevented from being generated at the center portion of the spot of the 
45 laser beam LB. 

[0228] Also, in the marking device 10, by defocusing and irradiating the laser beam LB onto the X-ray film 12 at a 
position at which the position of the X-ray film 12 is distanced from the focal point f of the laser beam LB, the diameter 
of the dots 1 6A is widened, and dots 1 6A that are adjacent along the scanning direction of the laser beam LB resulting 
from the beam deflector 46 are connected in a bar. It should be noted that, at this time, the dots 16A can also be 
50 connected in a bar even if they are made narrower than the intervals between the dots 1 6A (dot pitch) when the marking 
pattern MP (see Fig. 4) resulting from the dot anangement is formed. 

[0229] Also, in the marking device 1 0, the laser beam LB condensed in the spot is irradiated while the X-ray film is 
conveyed. Thus, substantially oval dots 1 6A that are long along the conveyance direction are formed on the X-ray film 
12. 

55 [0230] Accordingly, continuous dots 16A are formed in a bar on the X-ray film 12 with a width that is fatter than the 
spot diameter of the irradiated laser beam LB. 

[0231] In the marking device 10, the marking pattern MP is formed on the X-ray film 12 using PostNet (POSTal 
Numeric Encoding Technique) or a custom barcode. 
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[0232] A barcode (one-dimensional barcode) is a combination of spaces and lines of different thickness that code 
information. Common barcodes include JAN (Japan Article Number), which has spread widely as an article barcode, 
and Codabar. Among PostNet (POSTal Numeric Encoding Technique) and custom barcodes., there are barcodes that 
code information mainly with a combination of lines (bars) of different lengths. 

5 [0233] As shown in Fig. 13A, PostNet codes mainly numbers using full bars having lengths (heights) of 2.92 mm to 
3.43 mm and half bars having lengths of 1 .02 mm to 1 .52 mm. 
" [0234] As shown in Fig. 1 3B, the custom barcode uses long bars 50A, two types (upper and lower) of semi-long bars 
50B and 50C, and timing bars 50D. Three of these four forms - the long bars 50A, the semi-long bars SOB and 50C, 
and the timing bards 50D - are combined and used as a 4-taste 3-bar representing one character to code numbers 

10 and the like, as shown in Fig. 13C. 

[0235] The numerous minute air bubbles 16A are generated in a process in which the emulsion layer 16 of the X- 
ray film 12 is melted by the laser beam LB that has been condensed in a spot being irradiated, whereby the surface 
of the emulsion layer 16 convexly projects. Thus, the dots 16A are formed on the X-ray film 12. 
[0236] At this time, as shown in Fig. 12, in the marking device 10, the X-ray film 12 is distanced from the focal point 

*5 f of the laser beam LB emitted from the marking head 42 and conveyed, and the laser beam LB is defocused and 
irradiated onto the X-ray film. 

[0237] Thus, in the marking device 10, the energy within the spot when the laser beam LB is irradiated onto the X- 
ray film 12 becomes substantially even and the emulsion layer 16 of the X-ray film 12 expands (foams) evenly within 
this spot. Also, because the energy within the spot of the irradiated laser beam LB becomes substantially even, it is 
20 possible to suppress the emulsion layer in the X-ray film 12 from partially melting, and it is possible to prevent the 
energy of the laser beam LB from being transmitted to the interior of the X-ray film 12 and generating the space 14A, 
which is larger than the air bubbles 1 6B. 

[0238] Also, in the marking device 10, because the energy can be evenly imparted to the X-ray film 12, melting, 
evaporation, and scattering of the emulsion layer 12 is suppressed and the marking pattern MP is formed using the 

25 laser beam LB. Thus, it is possible to prevent product quality from dropping as a result of fogging or the like. 

[0239] In the marking device 1 0, highly visible dots 1 6A are formed in this manner, and there is no drop in the visibility 
of the dots 1 6A due to the emulsion layer 1 6 separating from the base layer 14 after development. That is, it is possible 
to reduce differences in the evaluation of visibility of the marking pattern between the stage of manufacturing the X- 
ray film 1 2 and the stage of use of the X-ray film 1 2 by a user. 

30 [0240] I n the marking device 1 0, the laser beam LB is scanned while the X-ray film 1 2 is conveyed at a predetermined 
speed. Thus, the dots 1 6A are formed in substantially oval shapes on the X-ray film 1 2. and the dots 1 6A can be formed 
at predetermined intervals along the conveyance direction. 

[0241] Also, in the marking device 10, the spot diameter on the X-ray film 12 is made larger by defocusing and 
irradiating the laser beam LB onto the X-ray film 12, and dots 16A of a large diameter can be formed. Thus, the plural 
35 dots 1 6A can be formed in a bar in which they are connected along the direction in which the laser beam LB is scanned 
by the beam deflector 46. 

[0242] Thus, in the marking device 1 0 ? a barcode such as a custom barcode or PostNet can be formed as the marking 
pattern MP. Thus, numerous information can be recorded in comparison to when simply characters and numbers are 
formed in a narrow space at the peripheral portion (non-image forming region) of the X-ray film that finally becomes 
-to the product. 

[0243] Also, because a barcode can be used as the marking pattern MP, various kinds of information recorded as 
the marking pattern MP can be simply and reliably read out by a barcode reader or the like when various processing 
such as exposure and development is conducted with respect to the X-ray film 12. Thus, appropriate processing of 
the X-ray film 1 2 on the basis of this information becomes possible. 

(Experimental Example 3) 

[0244] Fig. 1 4 shows an experimental device 360 of dot forms corresponding to the position of the X-ray film 1 2 with 
respect to the focal point f of the laser beam LB using a C0 2 laser as the laser oscillator 44. 
50 [0245] In the experimental device 360, the laser beam LB was irradiated onto the X-ray film 12 while the X-ray film 
12 disposed on a stage 362 was moved at a predetermined speed using the marking head 42 and the laser control 
device 40. In Experimental Example 3, the dot forms formed on the X-ray film 12 on the stage 62 of the experimental 
device 360 was observed. 

[0246] With respect to the stage 362 : the table 364 on which the X-ray film 1 2 was disposed was a Z-axis table that 
55 could move in parallel with high precision in the vertical direction, which was the direction in which the stage 362 moved 
toward and away from the marking head 42. A distance WD between the emission aperture (lower end of the marking 
head 42) of the beam deflector 46 disposed with the condenser lens that condensed the laser beam LB and the X-ray 
film 12 on the table 364 was varied, and the forms of the dots 16A formed on the X-ray film 12 in correspondence to 
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the distance WD was verified. At this time, the laser beam LB was scanned by the beam deflector 46 along a direction 
orthogonal to the traveling direction (the direction of arrow B) of the X-ray film 12 (stage 362), whereby the plural dots 
16A were formed. 

[0247] II should be noted that SE4 (brand name), which is an X-ray film for medical use manufactured by Fuji Photo 
5 Film Co., Ltd., was used as the X-ray film 12, that the thickness of the PET base layer 14 was about 0.175 mm (175 
[im) : and that the emulsion layer 16, which had a thickness of about 0.002 mm to 0.005 mm (2 u.m to 5um), was formed 
by an emulsion that was coated on the base layer 14. 

[0248] A C0 2 laser with an oscillation wavelength of 1 0.6 u.m was irradiated for a predetermined time (constant time). 
At this time, the spot diameter of the laser beam LB was about 0.4 mm between the laser oscillator 44 and the beam 
10 deflector 46, and the focal point f (distance WD 0 ) was 0.2 mm. 

[0249] Fig. 1 5 shows evaluation samples per distance WD of the dots 1 6A formed on the X-ray film 1 2. The evaluation 
samples were used to evaluate dot forms when the X-ray film 12 was developed after being irradiated with the laser 
beam LB. 

[0250] In Fig. 15, the distance WD becomes smaller from WD 0 of the center row towards the top, the distance WD 
J5 becomes smaller from the lower end of the left row towards the top, the distance WD becomes larger from WD 0 of the 
center row towards the bottom, and the distance WD becomes larger from the upper side of the right row towards the 
bottom. Arrow B in the Fig. 15 represents the traveling direction of the X-ray film 12 (stage 62) in the experimental 
device 360 with respect to each evaluation sample. 

[0251] The dots 16A formed on the X-ray film 12 were long ovals along the traveling direction of the X-ray film 12 
20 when the distance WD was in the vicinity of the focal point position (focal point f) of the laser beam LB (when distance 
WD=WD 0 ). Also, peripheral portions of the dots 16A turned milky-white due to the air bubbles 16B, but recesses 
generated by the emulsion layer 1 6 melting appeared in center portions of the dots 16A. 

[0252] When the distance WD was made smaller than the distance WD 0 to the focal point f of the laser beam LB 
(when WD<WD 0 ), the milky-white portions in the dots 16A spread to the center portions and visibility was gradually 
25 raised. That is, this was so that the space 1 4A would not be generated in the dots 1 6A in order to make the energy in 
the spot of the laser beam LB even by defocusing the X-ray film 12 with respect to the laser beam LB. 
[0253] Moreover, the inside of the dots 1 6A became milky-white by making the distance WD smaller, but their outer 
diameters gradually became smaller, whereby visibility dropped. 

[0254] In contrast, when the X-ray film 12 was distanced from the marking head 42 and the distance WD was made 
30 larger, recesses in the dots 1 6A became smaller, the milky-white portions of the dots 1 6A spread to the periphery, and 
mutually adjacent dots 16A connected to form a bar. 

[0255] That is, as shown in Figs. 16C and 16D. when the distance WD was the focal point position (WD=WD 0 ) of 
the laser beam LB, melting of the emulsion layer 1 6 was generated in the center portion of the spot of the laser beam 
LB, and recesses were generated in the center portions of the dots 16A formed on the X-ray film 12. 
35 [0256] In contrast, as shown in Figs. 16A and 16B, when the distance WD was made shorter than the focal distance 
(when WD<WD 0 ), no space (space 14A) was generated between the base layer 14 and the emulsion layer 16, and 
proper dots 16A, in which no recesses resulting from the melting of the emulsion layer 16 were generated, could be 
formed. 

[0257] Also, as shown in Figs. 1 6E and 1 6F, when the distance WD was made longer than the focal distance (when 
40 WD>WD 0 ), no space (space 14A) was generated between the base layer 14 and the emulsion layer 16, no recesses 
resulting from the melting of the emulsion layer 1 6 were generated, and the plural dots 16A were formed continuously 
in a bar. 

[0258] Accordingly, by defocusing and irradiating the layer beam LB onto the X-ray film 12, dots 16A could be formed 
in which visibility was high and in which there were no changes in visibility even when post-processing steps such as 

45 a developing step were conducted. 

[0259] Also, because the dots 1 6A could be formed in a continuous bar by defocusing the X-ray film 1 2 in a direction 
further removed from the marking head 42 than the focal point f of the laser beam LB, a barcode such as a custom 
code and PostNet could be formed on the X-ray film 12 as the marking pattern MP. Thus, a large amount of information 
can be given to the marking pattern MP in comparison with a case where simply characters and symbols are formed, 

50 and this information can be reliably read using a barcode reader in various steps in which processing of the X-ray film 
12 is conducted. 

[0260] It should bo noted that the above-described embodiment is not intended to limit the configuration of the in- 
vention. For example, although description was given of an example in which X-ray film was mainly used as the pho- 
tosensitive material, the X-ray film may, of course, be a one-sided photosensitive material, a double-sided photosen- 
55 sitive material in which the emulsion layer 16 is formed on both sides of the base layer 14 f or a dry film in which an 
image is visualized by thermal development, and is not limited to these. Use in the formation of a marking pattern on 
a photosensitive material of an optical configuration is possible. 

[0261] As described above, according to this embodiment of the invention, it is possible to form high quality dots, in 
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which there is no reduction in visibility even after processing steps such as development, or a marking pattern resulting 
from the dot arrangement. Also, according to the invention, excellent effects can be obtained in that, because the dots 
can be formed continuously in a bar a barcode can be formed as the marking pattern on a photosensitive material. 

5 Fourth Embodiment 

[0262] A fourth embodiment of the invention will be described below with reference to the drawings. 
[0263] Fig. 1 7 shows the schematic structure of a marking device 1 0A used in the present embodiment. In the marking 
device 10A of Fig. 17, the X-ray film 12 is wound in a roll around the roll core 18 with a surface layer 60 of the X-ray 
10 film 12 facing outward. The marking device 10A adopts a configuration that is the same as that of the marking device 
10 of Fig. .1 with the exception that the disposition of the roll core 34 is different from the case of the marking device 
1 0. Therefore, description that is shared in common with the marking device 1 0 in regard to configuration and operation 
will be omitted. 

[0264] In the marking device 10A, a long photosensitive material that is wound in a roll is used as a printed body, 
and in a process in which the photosensitive material is conveyed, the laser beam LB is irradiated in a spot by the 
condenser lens to form a marking pattern such as characters and symbols resulting from the dot arrangement. 
[0265] In the present embodiment, a marking pattern is formed on the X-ray film 1 2, which is a one-sided photosen- 
sitive film serving as the long photosensitive material. It is also possible to use, as the X-ray film 1 2 in this case, either 
a wel film thai is developed using a processing fluid such as a developing fluid or a dry film Lhat is thermally developed. 
[0266] As shown in Fig. 1 8A, using PET (polyethylene terephthalate) for the base layer 1 4, which is a support, a wet 
film 50 includes an Em layer 52, which is formed by coating an emulsion prepared using gelatin, a silver halide, a 
sensitizing dye, a hardener and the like, and an OC layer 54, which is prepared using gelatin, a charge regulator, a 
mat agent and the like and which protects the surface of the Em layer 52. The Em layer 52 and the OC layer 54 are 
formed on one side of the base layer 14. 

[0267] A BC layer 56, which is prepared by gelatin, a dye and the like, and a BPC layer 58, which is prepared by 
gelatin, a charge regulator, a mat agent and the like, are formed on the other side of the base layer 1 4 of the wet film 50. 
[0268] Below, the Em layer 52 and the OC layer 54 will be collectively referred to as the surface layer 60, and the 
BC layer 56 and the BPC layer 58 will be collectively referred to as an undersurface layer 62. That is, the surface layer 
60 is formed on one side of the base layer 14 by the Em layer 52 and the OC layer 54, and the undersurface layer 62 
30 is formed on the other surface by the BC layer 56 and the BPC layer 58. 

[0269] In the wet film 50. the thicknesses of the base layer 1 4, the surface layer 60, and the undersurface layer 62 
are, for example, about 1 75 urn, about 4 u,m, and about 3 u.m, respectively. 

[0270] As shown in Fig. 18B, a dry film 64 includes an Em layer 66, which is prepared by SBR (styrene-butadiene 
rubber), a silver halide, organic silver, a reducing agent, a dye, an image stabilizer, a hardener and the like, an MC 
35 layer 68, which is prepared by PVA (polyvinyl alcohol), a polymer latex and the like, a PC layer 70, which is prepared 
by a gelatin polymer latex and the like, and an OC layer 72, which is prepared by gelatin, a charge regulator, a mat 
agent and the like. The Em layer 66, the MC layer 68, the PC layer 70, and the OC layer 72 are formed on one side 
of the base layer 14. 

[0271] A BPC layer 74, which is prepared by gelatin, a charge regulator and a mat agent., and a BC layer 76, which 
is prepared using a decolorizer in addition to gelatin and a dye, are formed on the other side of the base layer 14 of 
the dry film 64. 

[0272] Below, the Em layer 66, the MC layer 68, the PC layer 70 : and the OC layer 72 will be collectively referred to 
as the surface layer 60, and the BPC layer 74 and the BC layer 76 will be collectively referred to as the undersurface 
layer 62. That is ; the dry film 64 is a film in which the surface layer 60 is formed on one side of the base layer 14 by 
the Em layer 66, the MC layer 68, the PC layer 70, and the OC layer 72, and the undersurface layer 62 is formed on 
the other side by the BPC layer 74 and the BC layer 76. 

[0273] In the dry Him 64, the thicknesses of the base layer 14, the surface layer 60, and the undersurface layer 62 
are, for example, about 1 75 urn, about 21 pm, and about 3.5 urn, respectively. 

[0274] The X-ray film 1 2 used in the present embodiment is a common one-sided photosensitive material in which 
the surface layer 60 is formed on one side of the base layer 14 and the undersurface layer 62 is formed on the other 
side of the base layer 14. By disposing the undersurface 62 (mainly the BC layer 56 or the BC layer 76) including 
gelatin, diffuse reflection of light to which the surface layer 60 is exposed is prevented. 

[0275] As shown in Fig . 1 7. the X-ray film 1 2 is wound around the roll core 1 8 with the surface layer 60 facing outward, 
and the marking device 10A pulls the X-ray film 12 out from the outermost layer. At this time, in the marking device 
55 1 0A ; the X-ray film 12 is pulled out so that the surface layer 60 faces downward and the undersurface layer 62 faces 
upward. 

[0276] The X-ray film 1 2 that is sent from the rolls 26 is conveyed in a substantial U shape between the pair of small 
rolls 28 and 30, sent from the small roll 30, and wound around the roll core 34 so that the surface layer 60 faces outward. 
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[0277] The beam deflector 46 includes, for example, an AOD (acousto-optical device), and includes the function of 
scanning the laser beam LB in a direction orthogonal to the conveyance direction of the X-ray film 1 2 using the deflection 
signal from the laser control device 40. It should be noted that each scanned laser beam LB is condensed in a spot 
by the condenser lens and irradiated onto the X-ray film 12. 
5 [0278] With regard to other configurations and operations of the marking device 1 0A, reference should be made to 
the description in regard to the marking device 10 of Fig. 1 . 

[0279] As shown in Figs. 17 and 3, when the X-ray film 12 is wound around the print roll 24, the marking head 42 is 
disposed so as to face the X-ray film 12 at a position slightly raised from the peripheral surface of the print roll 24. 
Thus, the laser beams LB that have been transmitted through the X-ray film 1 2 are prevented from heating dust adhering 
10 to the peripheral surface of the print roil 24 and generating fogging in the X-ray film 12. 

[0280] A C0 2 laser is used as an example in the marking device 1 0A, and a laser oscillating tube that outputs a C0 2 
laser of a fixed wavelength, such as a 9 jam band, such as 9.6 um, or a 1 0 |±m band, such as 1 0.6 jim, is used for the 
laser oscillator 44 of the marking head 42. 

[0281] In the marking device 1 0A, the undersurf ace layer 62 of the X-ray film 1 2 faces the marking head 42, whereby 
15 the laser beams LB condensed in a spot are irradiated towards the undersurface layer 62 of the X-ray film 1 2 to form 
dots in the undersurface layer 62. 

[0282] Fig. 20 shows the transmittance corresponding to the wavelength of the laser beams LB of the BPC layers 
58 and 74 formed in the undersurface layer 62. The transmittance of the laser beams LB in the BPC layers 58 and 74 
disposed in Ihe undersurface layer 62 of the X-ray film 12, such as the wet film 50 or the dry film 64, is, similar lo Lhat 
20 of the OC layers 54 and 72, relatively low. 

[0283] Thus, when the laser beams LB are irradiated onto the undersurface layer 62, the energy of the laser beams 
LB is absorbed mainly by the undersurface layer 62, whereby melting and evaporation is generated in the undersurface 
layer 62. 

[0284] Numerous air bubbles are generated in the undersurface layer 62 of the X-ray film 1 2 in a process in which 
25 the undersurface layer 62 is melted by the laser beams LB being irradiated. The numerous minute air bubbles are 
visible as dots due to the fact that the directions in which the light is reflected are varied by the boundary films. In the 
X-ray film 12, the dots generated in the undersurface layer 62 are visible not only from the undersurface layer 62 but 
also from the surface layer 60. 

[0285] In the BPC layers 58 and 74 of the undersurface layer 62, the transmittance of laser beams having a wave- 
30 length in the 9 u.m band, such as 9.2 urn, 9.3 pm, and 9.6 i±m, is lower than the transmittance of laser beams having 
a wavelength in the 1 0 jim band, such as 1 0.6 um. Thus, when the irradiation time of the laser beam LB is shortened 
and highly visible milky-white dots are formed, it is preferable to use a laser beam LB of a 9 jam band wavelength rather 
than a laser beam LB of a 10 jam band wavelength. 

[0286] In the marking device 1 0A, the laser beams LB are irradiated onto the undersurface 62 of the X-ray film 12 
35 to form mirror images, such as characters and symbols, which become the marking patterns MP. That is, the laser 
control device 40 controls the laser oscillator 44 and the beam deflector 46 by the pattern signal on the basis of the 
mirror images of the marking patterns MP to be formed on the X-ray film 12. 

[0287] Thus, as shown in Fig. 1 9A, mirror images of the marking patterns MP are formed on the undersurface layer 
62 of the X-ray film 12. Also, as shown in Fig. 19B, when the marking patterns MP are seen from the surface layer 60, 
-to they appear as normal images, and it is clear that the surface on which the normal images are seen is the side of the 
X-ray film 12 disposed with the surface layer 60. 

[0288] I n the marking device 1 0A, the irradiation time of the laser beams LB when each dot is formed is appropriately 
controlled, the laser beams LB are irradiated so that the diameter of the dots is about 0.2 mm or more and the intervals 
between the dots is appropriate, and highly visible dots or the marking patterns MP resulting from the dot arrangements 
-is are formed. 

[0289] In the marking device 1 0A, the X-ray film 12 is conveyed so that the undersurface layer 62 faces the marking 
head 42, and the laser beams LB are irradiated towards Ihe undersurface layer 62 of the X-ray film 12. 
[0290] As shown in Fig. 20, the energy of the laser beams LB is absorbed mainly by the undersurface layer 62 
because the transmittance with respect to the laser beams LB of the BPC layers 58 and 74 forming the undersurface 

so layer 62 of the X-ray film 12, such as the wet film 50 and the dry film 64 : is low. Thus, numerous air bubbles are 
generated in a process in which melting is generated in the undersurface layer 62. In the X-ray film 12, the amount of 
reflected light varies greatly inside and outside due to the numerous air bubbles, and visible dots whose interiors have 
become milky-white due to the numerous air bubbles are formed. High visibility of these dots is obtained regardless 
of whether the X-ray film 12 is undeveloped or developed and regardless of the contrast .in density. 

55 [0291] Because the X-ray film 12 has light transmittance, the dots formed in this manner on the undersurface layer 
62 of the X-ray film 62 are also visible from the surface layer 60 of the X-ray film 12. 

[0292] The laser control device 40 controls the irradiation of the laser beams LB so that mirror images of the marking 
patterns MP are formed on the undersurface layer 62 of the X-ray film 12. 
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[0293] Thus, as shown in Fig. 19A : the marking patterns MP formed by the dot arrangements appear as mirror images 
when seen from the undersurface layer 62 of the X-ray film 12. 

[0294] Also, in the X-ray film i 2. the dots formed on the undersurface layer 62 are also visible from the surface layer 

60 in which the Em layer 52 or the Em layer 66 is formed. Thus, as shown in Fig. 1 9B, in the X-ray film 1 2, the marking 
5 patterns MP formed on the undersurface layer 62 are visible as normal images when seen from the surface layer 60. 
_ . [0295] Accordingly, it becomes possible to accurately discern, due to whether the marking patterns MP formed on 

the X-ray film 12 are normal images or mirror images, which side of the X-ray film 12 is the side disposed with the 

surface layer 60 for which image-exposure is to be conducted. 

[0296] In the present embodiment, when the marking patterns are formed on the X-ray film 12, the laser beams LB 
io are irradiated onto the undersurface layer 62 and not onto the surface layer 60 in which the Em layer 52 or the Em 66 
is formed, .whereby the dots are formed in the undersurface layer 62. 

[0297] Thus, emulsion waste is not generated by the X-ray film 12 receiving the energy of the laser beam LB, and 
white spots resulting from emulsion waste adhering to the surface of the surface layer 60 are not generated when the 
exposed image is developed. 

75 [0298] Also, in the marking device 10A, because dust and emulsion waste in the air or adhering to the surface of the 
X-ray film 12 does not receive the heat of the laser beams LB and burn in the surface of the surface layer 60 of the X- 
ray film 12, a drop in final image quality, such as fogging resulting from the burning of dust and emulsion waste, is not 
generated. 

[0299] Accordingly, in the marking device 1 0A, highly visible marking patterns can be formed using the laser beams 
20 LB, without causing the product quality of the X-ray film to drop. 

[0300] Also, because emulsion waste and processing waste generated at the time of processing do not adhere to 
the surface of the surface layer 60 of the dry film 64 when the dry film 64, whose surface easily sustains damage, is 
used as the X-ray film 12, it is possible to prevent the surface from being damaged by processing waste when the dry 
film 64 is marked. 

25 

(Experimental Example 4) 



[0301] Fig. 21 shows an experimental device 380 that forms dots on the X-ray film 12 using a C0 2 laser as the laser 
oscillator 44. 

[0302] In the experimental device 380, the laser beam LB was irradiated onto the X-ray film 12 : which was used as 
an evaluation sample, using the marking head 42 and the laser control device 40, and the forms of the dots formed on 
the X-ray film 12 were observed. 

[0303] At this time, in the experimental device 380, the distance between the lower end of an unillustrated condenser 
lens and the X-ray film 1 2 serving as the evaluation sample was 80 mm, and the focal point of the laser beam LB was 
disposed on the X-ray film 12. Also, the spot diameter of the laser beam LB was about 0.4 mm between the laser 
oscillator 44 and the beam deflector 46 and 0.2 mm on the X-ray film 1 2 serving as the focal position. 
[0304] Here : in a first evaluation experiment, the laser beam LB was irradiated onto the surface layer 60 and the 
undersurface layer 62 of evaluation samples using the laser oscillator 44 having an oscillation wavelength of 10.6u,m, 
and the forms of the dots that were formed were evaluated. At this time, AL5 (brand name), which is a dry film (thermally- 
developed photosensitive material) for X-ray use manufactured by Fuji Photo Film Co., Ltd., was used as the dry film 
64 (see Fig. 1 8B) for the evaluation samples, and the irradiation time of the laser beam LB was 30 usee. 
[0305] As a result, dots of a visibility that was the same as those of the surface layer 60 could be formed on the 
undersurface layer 62 of the evaluation samples. 

[0306] In photosensitive materials such as the X-ray film 12, the thickness, layer configuration, components, and 
component ratio of the undersurface layer 60 differs depending on the brand. For this reason, it was necessary to 
change the irradiation time and oscillation wavelength of the laser beam LB according to the brand in order to form 
appropriate visible dots on the surface layer 60. 

[0307] In contrast, the basis configuration of the undersurface layer 62 was substantially the same. For this reason, 
proper dots could be formed without changing the irradiation time and oscillation wavelength of the laser beam LB 
when the marking pattern MP was formed on X-ray films 12 of different brands. 

[0308] That is, by irradiating the laser beam onto the undersurface layer 62 to form the dots, marking was possible 
with the same irradiation time using the same marking head 42 even if the brand of X-ray film 12 was different. 
[0309] Next, a second evaluation experiment using the experimental device 380 will be described. In the second 
evaluation experiment, using four types of laser oscillators 44, in which the oscillation wavelengths thereof were 9.2 
um, 9.3 urn. 9.6 urn, and 1 0.6 um the irradiation time of the laser beam LB was varied for each wavelength, dots were 
formed on the undersurface layer 62 of the X-ray film 1 2 used as the evaluation samples, and the evaluation experiment 
was conducted when the dot forms were seen from the surface layer 60. 

[0310] It should be noted that the AL5 (brand name) thermally-developed photosensitive material manufactured by 
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Fuji Photo Film Co., Ltd., which is one type of dry film 64 (see Fig. 18B), was used as the X-ray film 12 serving as the 
evaluation samples. 

[0311] In the evaluations, the following symbols were used. 

[0312] "C indicates that milky-white dots were formed, and that the dots were also visible from the emulsion layer 
5 (surface layer 60). 

[031 3] "A" indicates that melting proceeded to the interior of the film, there were few remnants of milky-while portions, 
and the dots were visible from the back surface (undersurface layer), but the dots were difficult to see (read) from the 
emulsion surface (surface layer). 

[0314] "x" indicates that only color changed slightly, traces of processing could not be seen, and it was difficult to 
10 see the dots even from the undersurface layer. 

[0315] Table 5 shows the results of evaluation of the dot forms for each wavelength when the irradiation time of the 
laser beam LB was varied in fourteen stages between 3 \isec and 65 usee. 



Table 5 



Irradiation Time (^isec) 
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[0316] As is clear from the evaluation results of Table 5, by using the 10.6 jim wavelength laser beam LB, whose 
•to transmittance at the undersurface layer 62 (BPC layers 58 and 74) was high in comparison to the 9 u,m band, proper 
dots could be formed by setting the irradiation time of the laser beam LB to be 30 \xsec to 35 usee. 
[0317] It was also possible to form proper dots in the relatively short irradiation time of 5 usee to 25 usee with respect 
to the 9.2 fim, 9.3 jam, and 9.6 urn wavelength laser beams LB, whose transmittance at the undersurface layer 62 was 
low. 

45 [031 8] Thus, when the laser beam LB was irradiated onto the undersurface layer 62 to form the marking pattern MP, 
proper dots could be formed by irradiating the laser beam LB for a short time by using a laser beam LB of a wavelength 
whose transmittance al the undersurface layer 62 (mainly the BPC layers 58 and 74) was low. 

[0319] It should be noted that the above-described embodiment is not intended to limit the configuration of the in- 
vention. For example, although description was given in the embodiment of an example in which the X-ray film 12, 
50 which is a film for medical use, was used as the photosensitive film, the invention is not limited thereto. Use in the 
formation of a marking pattern on a photosensitive material of an optional configuration, in which a surface layer in- 
cluding an emulsion layer is formed on one side of a light-transmitting support such as PET or PEN, such as color 
photographic film, black-and-white photographic film, and lithographic film, is possible. 

[0320] Also, although description was given in the embodiment of an example in which the marking device 10A was 
55 used, the configuration with which the photosensitive film is marked is not limited thereto. A processing device of an 
optional configuration can also be used as long as it includes marking means that marks the photosensitive film by 
irradiating a laser beam onto the photosensitive film. 

[0321] As described above, according to the fourth embodiment of the invention, excellent effects can be obtained 
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in that, when a laser beam is irradiated onto a one-sided photosensitive film, in which a surface layer including an 
emulsion layer is formed on one side of a support and an undersurface layer that serves as a layer to prevent diffuse 
reflection of light and as a protective layer is formed on the other side of the support to form dots and a marking pattern 
resulting from the dot arrangement, the laser beam is irradiated onto the undersurface layer of the photosensitive film 
5 and dots are formed on the undersurface layer, whereby a drop in finished product quality, such as fogging in the 
emulsion layer forming the surface layer, can be prevented. 

[0322] Also, because the mirror images are visible as normal images from the surface layer of the photosensitive 
film by forming the mirror images on the undersurface layer, it becomes possible to reliably discern which side of the 
photosensitive film is the side on which the surface layer disposed with the emulsion layer is formed. 

10 

Fifth Embodiment 



[0323] Fig, 22 shows the schematic configuration of a photosensitive material processing system 110 used in fifth 
and sixth embodiments of the invention. The photosensitive material processing system 110 processes and packages 

'5 X-ray film 112 that is used as the photosensitive material. 

[0324] As shown in Fig. 23, the X-ray film 112 includes, as a base layer 114, a support that is formed using PET 
(polyethylene terephthalate) and an emulsion layer 116 that is formed on at least one side of the base layer 114. 
[0325] As shown in Fig. 22, an X-ray film 112 processing line is formed in the photosensitive material processing 
system and includes: a slitting step 120, in which the X-ray film 112 is pulled out from a roll 118, in which the long X- 

20 ray film 112 is wound in a roll, slit into a predetermined width, and wound into a roll; a cutting step 122, in which the 
X-ray film 112 that has been processed in the slitting step 120 is cut into predetermined lengths and processed into 
sheets, which is the final mode of the X-ray film 112; and a packaging step 124, in which the X-ray film 112 that has 
been formed into sheets in the cutting step 1 22 and stacked (hereinafter referred to as "X-ray film 1 1 2A") is packaged. 
[0326] The photosensitive material processing system 110 may include a packaging system having a conventionally 

25 well-known optional configuration for shipping, as a product, the X-ray film 112A that has been processed into its final 
mode by accommodating the X-ray film 1 12A into magazines and packaging the X-ray film 1 12A in the packaging step 
124. Also, in the photosensitive material processing system 110, it is also possible to cut the roll 118 in the cutting step 
1 22 without conducting slitting. 

[0327] A production management device 1 26 is disposed in the photosensitive material processing system 110. Also, 
30 processing control devices 1 28 and 1 30 and a packaging control device 1 32 are respectively disposed for the slitting 
step 120, the cutting step 122 } and the packaging step 124. 

[0328] In the photosensitive material processing device 110, a lot number of the X-ray film 112 to be processed, a 
production size that is the final mode of the X-ray film 1 12, a slitting pattern for when the X-ray film 11 2 is cut into the 
production size, and a scheduled production line are set on the basis of a preset production program and inputted to 
35 the production management device 126 as processing information. Also, an emulsion number, a roll number, brand, 
and coating roll length of the roll 118 to be processed are inputted to the production management device 126 as 
photosensitive material information. 

[0329] When the photosensitive material information and the processing information are inputted to the production 
management device 126, the production management device 126 sets a processing order, sets a slitting pattern when 

-*o the X-ray film 1 1.2 is to be processed, a palette number used in the conveyance of the X-ray film 1 1 2, and a magazine 
number on the basis of the photosensitive material information and the processing information, and sets processing 
conditions that are work descriptions in each of the slitting step 120, the cutting step 122, and the packaging step 124 
on the basis of these settings. It should be noted that these processing conditions may also be created by the production 
program and inputted to the production management device 126 as processing information. 

45 [0330] Due to the processing information such as the final mode and the photosensitive material information of the 
roll 118 being inputted to the production management device 126, the production management device 126 creates a 
lot information file F with respect to the X-ray film 112 of the roll 118. 

[0331] At least one, and preferably several, slitter device 134, cutter device 136, and packaging device 138 are 
disposed for the slitting step 120, the cutting step 122. and the packaging step 124. 

50 [0332] The processing control devices 128 and 130 and the packaging control device 132 read the processing con- 
ditions for each step stored in the lot information file F from the production management device 126, select the slitter 
device 1 34, the cutter device 1 36. and the packaging device 1 38 according to the settings of the processing line (sched- 
uled processing line), and conduct processing with respect to the X-ray film 112. Also, when the processing with respect 
to the X-ray film 112 ends, the processing control devices 128 and 130 and the packaging control device 132 output 

55 the processing status to the production management device 126. 

[0333] The production management device 126 stores the processing status inputted from the processing control 
devices 128 and 130 and the packaging control device 132 in the lot information file F with respect to the X-ray film 
112, and adds this to a processing history with respect to the X-ray film 112. 
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[0334] Thus, respective data with respect to the X-ray film 112 (X-ray film 112A) that has been made into a product, 
such as photosensitive material information such as the lot number of the roll 118, the emulsion number, the roll number, 
brand, and coating roll length, processing conditions such as the production size (processing size), processing line, 
and slitting pattern, and processing history information such as the slit record length, the processing status, the palette 
5 number, the magazine number, the sheet yield, and the packaged product yield, are finally stored in the lot information 
file F. 

[0335] As described above, in the photosensitive material processing system 1 1 0, a predetermined marking pattern 
is formed on each X-ray film 112A that is the final mode. Although it is possible to form the marking pattern on the X- 
ray film 1 1 2 with the slitter device 1 34 disposed for the slitting step 1 20, in the fifth and sixth embodiments, the marking 
10 pattern is formed with the cutter device 1 36 disposed for the cutting step 1 22. 

[0336] Here : the cutter device 136 usable in the photosensitive material processing system 110 and the formation 
of the marking pattern on the X-ray film 112 (112A) will be described. 

[0337] Fig. 24 shows the schematic configuration of an example of the cutter device 136 (referred to below as a 
"cutter device 140" in order to distinguish it from a device that conducts ordinary cutting) disposed for the cutting step 

*5 122 in the fifth embodiment. X-ray film 112 (roll 142) that has been wound in a roll after being pulled out from the roll 
118 and slit to a predetermined width by the slit device 134 is loaded in the cutter device 140. It should be noted that 
the roll 118 may be loaded in place of the roll 142 when the roll 118 is to be cut without slitting it to another width. 
[0338] A pass roll 144 is disposed near the roll 142 in the cutter device 140. The X-ray film 112 that has been pulled 
out from an outer peripheral end of the roll 142 is wound around the pass roll 144, whereby it is sent upward (upward 

20 with respect to the page of Fig. 24). 

[0339] Small rolls 146 and 148 are disposed as a pair above the pass roll 144, and a suction drum 150 is disposed 
between the small rolls 146 and 148. Thus, a substantially U-shaped conveyance path is formed between the small 
rolls 146 and 148. 

[0340] Unillustrated plural small holes are formed in an outer peripheral surface of the suction drum 1 50, and the X- 
25 ray film 112 wound around the outer peripheral surface is sucked and retained by air suction from the small holes. 
Also, the suction drum 150 can be moved downward (with respect to the page of Fig. 24) by its own weight or by an 
urging force of unillustrated urging means. A predetermined tension is imparted to the X-ray film 112 in accompaniment 
with this movement. 

[0341] Thus, due to the suction drum 150 being rotatingly driven by a drive force of unillustrated drive means, the 
30 x-ray film 112 is sent from the suction drum 150 at a constant tension while being pulled out from the roll 142. 

[0342] Rolls 152 and 154 are disposed as a pair below the small roll 148 ? and the X-ray film 112 is wound around 
the roll 152 and sent in a horizontal direction therefrom. 

[0343] A cutter 156 is disposed downstream of the roll 154 (downstream in the conveyance direction of the X-ray 
film 1 1 2). The cutter 1 56 nips and sends the X-ray film 1 1 2 between an upper blade roll 1 58 and a lower blade roll 1 60. 
35 The cutter 156 also includes a cutting blade 162. The X-ray film 112 is cut along a width direction orthogonal to the 
conveyance direction by the cutter 156 operating the cutting blade 1 62. 

[0344] Thus, the X-ray film 1 12 is processed into sheets. The X-ray film 112 that has been processed into sheets is 
successively accommodated in a stacking tray 164, whereby it is layered and stacked. 

[0345] A cutter control device 1 66 is disposed in the cutter device 1 40. The cutter control device 1 66 controls a drive 
-to of an unillustrated drive source, whereby the suction drum 150 is rotatingly driven at a constant speed and the X-ray 
film 112 is conveyed and sent to the cutter 156. 

[0346] The cutter control device 166 also rotatingly drives the upper blade roll 158 and the lower blade roll 1 60 of 
the cutter 156 and, when the X-ray film 112 of a predetermined amount is sent, operates the cutting blade 162 to cut 
the X-ray film 112. 

■*5 [0347] A web edge control sensor 1 68 is disposed near the pass roll 1 44 in the cutter device 1 40. The cutter control 
device 166 controls an axial-direction position of a roll core of the roll 1 42 so that a width-direction end portion of the 
X-ray film 112 detected by the web edge control sensor 168 passes a constant position and the X-ray film 112 does 
not become horizontally displaced. 

[0348] The cutter control device 1 66 is connected to the processing control device 1 30 disposed for the cutting step 
50 122. The processing conditions in the lot information file F of the production management device 126 are inputted to 
the cutter control device 166 from the processing control device 130, whereby the cutter control device 166 processes 
(cuts) the X-ray film 112 on the basis of these processing conditions. 

[0349] That is, as shown in Fig. 25, a slitting pattern 170 for processing the X-ray film 112 pulled out from the roll 
118 into the final mode size is set by the production management device 126. Slitting lines 172 when the X-ray film 
55 112 is slit in the slitting step 120 (slitter device 134) and cutting lines 174 when the X-ray film 112 is cut in the cutting 
step 122 are set as the slitting pattern 170. In the photosensitive material processing system 110.. sheets of the X-ray 
film 112A are obtained by slitting and cutting the X-ray film 112 along the slitting lines 172 and the cutting lines 174. 
[0350] In the cutter device 1 40, while the X-ray film 1 1 2 that has been slit along the slitting lines 1 72 and formed to 
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a predetermined width (a width corresponding to, for example, the final mode) is conveyed, the cutting blade 162 is 
operated each time a conveyance length of the X-ray film 112 conveyed by the upper blade roll 158 and the lower 
blade roll 160 reaches a length corresponding to the interval between the cutting lines 174. Thus, the X-ray film 112A 
that is the final mode is stacked in the stacking tray 164. 
5 [0351] As shown in Fig. 24, a barcode marker 176 is disposed in the cutter device 140 as marking means. The 
barcode marker 176 includes a marking head 178, which emits the laser beam LB towards the X-ray film 112, and a 
laser control device 180, which controls the operation of the marking head 178. 

[0352] As shown in Figs. 24 and 26, the marking head 1 78 includes a laser oscillator 1 82 and a beam deflector 1 84 
that includes an unillustrated condenser lens. The marking head 78 is disposed so that it faces the X-ray film 112 when 
10 a constant amount of the X-ray film 1 1 2 is sent from the cutter 1 56 (the upper blade roll 1 58 and the lower blade roll 1 60). 
[0353] Although description will be given below of an example in which the marking head 178 is disposed so as to 
face the X-ray film 1 1 2 downstream of the cutter 1 56, the invention is not limited thereto. The marking head 1 78 may 
also be disposed facing the X-ray film 112 upstream of the cutter 156. 

[0354] The laser oscillator 182 used in the present embodiment is a C0 2 laser and emits a laser beam LB of a 
is constant oscillation wavelength on the basis of a drive signal inputted from the laser control device 1 80. 

[0355] The beam deflector 184 includes, for example, an AOD (acousto-optical device), and scans and irradiates 
the laser beam LB along the width direction, which is a direction orthogonal to the conveyance direction of the X-ray 
film 112, on the basis of a deflection signal inputted from the laser control device 180. That is, the barcode marker 176 
scans and irradiates the laser beam LB using the width direction or the X-ray film 112 as a main scanning direction 
20 and the conveyance direction of the X-ray film 1 1 2 as a subscanning direction. It should be noted that the laser beam 
LB is imaged so that focal points of a predetermined spot diameter are joined on the X-ray film 1 1 2 by the unillustrated 
condenser lens. 

[0356] The emulsion layer 116 of the X-ray film 112 is melted by the laser beam LB being irradiated thereon, and 
convex dots are formed with respect to the emulsion layer 116. Thus, it is possible to form characters and symbols of 
an optional dot arrangement on the X-ray film 112. 

[0357] By forming these dots tightly (with extremely small interval therebetween) so that they are substantially con- 
tinuous, it is possible to form an optional pattern (referred to below as "marking pattern MP") from irradiation traces of 
the laser beam LB. 

[0358] Figs. 27A to 27D show applied examples of the marking pattern MP. In a marking pattern MPa shown in Fig. 
30 27A, characters and symbols are formed by the arrangement of the dots. It should be noted that, in Fig. 27A, letters, 
numbers., and katakana are formed by, for example, a 5X5 dot arrangement. 

[0359] As shown in Fig. 27B, it is also possible to use, as the marking pattern MP, a marking pattern MPb that is 
formed so that the dots are continuous. It should be noted that Fig. 27B shows letters and numbers as an example. 
[0360] Moreover, as shown in Figs. 27C and 27D, the marking pattern MP may also be a marking pattern MPc or 

35 MPd using a symbol such as a barcode, characters, and marks. The marking pattern MPc shown in Fig. 27C uses a 
one-dimensional barcode, and the marking pattern MPd shown in Fig. 27D uses a two-dimensional barcode. 
[0361] Description will be given below of an example in which the marking pattern MPc, which uses the one-dimen- 
sional barcode and is shown in Fig. 27C, is used as the marking pattern MP. However, the marking pattern MP formed 
in the X-ray film 112 is not limited thereto, and may use optionally set pictographs and characters. 

40 [0362] Although it is not shown in the drawings, plural minute air bubbles are generated within expanded interiors 
of the dots in a process in which the emulsion layer 116 of the X-ray film 112 is melted by thermal energy of the laser 
beam LB. In the present embodiment, the degree of convexity of the dots formed in the emulsion layer 1 1 6 at this time 
is 1 0 urn or less, and the size (diameter) of each air bubble is 1 to 5 urn 

[0363] Numerous boundary films between the air bubbles are formed by the plural minute air bubbles being formed 
in the emulsion layer 116 of the X-ray film 112, and diffuse reflection of light is promoted. Thus, in the present embod- 
iment, because the amount of reflected light varies greatly inside and outside of the dots, visual recognition of the dots 
becomes possible, regardless of whether the X-ray film 1 1 2 is undeveloped or developed and regardless of the contrast 
in density, and the visibility of the dots is improved. 

[0364] The irradiation time of the laser beam LB for forming the dots is in the range of 1 u.sec to 15 jasec, with the 
oscillation wavelength of the laser beam oscillator 182 (wavelength of the laser beam LB) being a 9 band (e.g., a 
wavelength of 9.3 u.m or 9.6 jim). Although it is possible to form the dots by setting the irradiation time of the laser 
beam LB to 5 usee to 8 jjsec when the oscillation wavelength of the laser oscillator 182 is a 10 jam band (e.g., 10.6 
u.m), in the present embodiment, a laser oscillator that oscillates a laser beam LB of a 9 waveband is used as the 
laser oscillator 182 in order to improve working efficiency. 
55 [0365] Also, it is preferable for the irradiation time of the laser beam to be further controlled so that a space cannot 
be formed at the interface between the base layer 114 and the emulsion layer 116 of the X-ray film 112. This space is 
different from the air bubbles that are generated in the emulsion layer 1 1 6 when the dots are formed. When the space 
is generated between the base layer 114 and the emulsion layer 116, visibility of the dots becomes high at the point 
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in time when the laser beam LB is irradiated and the dots are formed, but the emulsion layer 16 above the space is 
scattered and opened by developing the X-ray film 112, whereby the state becomes the same as when the dots are 
formed when the above-described irradiation times (15 jxsec for a 9 u.m band and 18 usee for a 10 urn band) are 
exceeded. 

5 [0366] That is, by controlling the irradiation time of the laser beam LB to be in the narrow ranges of 1 usee to 10 
u.sec when the oscillation wavelength is a 9 u,m band and 5 usee to 8 \isec when the oscillation wavelength is a 1 0 j.im 
band, so that a space is not generated between the base layer 114 and the emulsion layer 116 of the X-ray film 112, 
it becomes possible to reduce differences between the evaluation of visibility at the manufacturing stage and the eval- 
uation of visibility by a user. 

w [0367] Although there are virtually no differences in the irradiation time of the laser beam LB at this time between 
the 9 [im band and the 10 u,m band (10.6 um), the degree of convexity of dots formed by a laser beam LB whose 
wavelength is a 1 0 ujti band is about twice the degree of convexity of dots formed by a laser beam LB whose wavelength 
is a 9 ujti band. It is therefore preferable from the standpoint of the visibility of the dots to use a laser beam LB of a 9 
ujti band wavelength. 

'5 [0368] The time that the laser beam LB is irradiated onto the X-ray film 1 1 2 may be controlled by a pulse width, using 
the drive signal that drives the laser oscillator 182 as a pulse signal, or by the deflection signal outputted to the beam 
deflector 1 84. 

[0369] In the photosensitive material processing system 110, the barcode (one-dimensional barcode) that serves as 
the marking pattern MP is set from the data corresponding to the processing history, the processing information, and 
20 the photosensitive material information in the lot information file F. Thus, it becomes possible to specify the brand of 
the X-ray film 112A from the marking pattern MP formed on the X-ray film 112A. 

[0370] In the present embodiment, the marking pattern MP is set on the basis of at least the brand name of the X- 
ray film 1 1 2A, the slit number, and a cutting number that is the cutting order when the X-ray film 1 1 2 is cut to form the 
X-ray film 11 2A. Also, in the present embodiment, a characteristic symbol (character, number, symbol, etc.) that is 
25 preset in accordance with a predetermined rule between the photosensitive material and a developing device that 
develops the image-exposed X-ray film 112A is included in the marking pattern MP formed on each X-ray film 112A. 
[0371 ] In the present embodiment, this information is barcoded (one-dimensional barcode) and serves as the marking 
pattern MR 

[0372] The production management device 126 stores the barcode serving as the marking pattern MP in the lot 
30 information file F. Additionally, the position (marking position) of the marking pattern MP on the X-ray film 112 that is 

the final mode is set and stored in the lot information file F in the production management device 126. 

[0373] The marking pattern MP and the marking position may also be set based on the production program and 

inputted to the production management device 126. Because the marking pattern MP will be different for each X-ray 

film 112A in a case where the marking pattern MP includes the cutting order of the X-ray film 112A, information nec- 
35 essary to set the marking pattern MP may be read from the lot information file F, the cutting order may be added to 

this information, and the marking pattern MP (barcode) may be set in the cutting step 122 (processing control device 

130) or at the cutting device 140 (cutter control device 166). 

[0374] As shown in Fig; 24, the laser control device 180 is connected to the processing control device 130 via the 
cutter control device 166. Thus, the processing conditions of the X-ray film 112 at the cutter device 140, the marking 
-to pattern MP (or pattern signal corresponding to the marking pattern) stored in the lot information file F of the production 
management device 126 or set in the processing control device 130 or the cutter control device 166, and the marking 
pattern position are inputted to the laser control device 180. 

[0375] The laser control device 180 outputs the drive signal to the laser oscillator 182 and outputs the deflection 
signal to the beam deflector 184 in accordance with the pattern signal based on the marking pattern MP. Thus, the 
^5 laser beam LB deflected in accordance with the marking pattern MP is irradiated onto the X-ray film 112, and the 
marking pattern MP is formed on the X-ray film 112. 

[0376] At this time, the laser control device 1 80 outputs to the beam deflector 1 84 the deflection signal based on the 
marking position along the width direction of the X-ray film 112, whereby the marking position along the width direction 
of the X-ray film 112 becomes the marking position stored in the lot information file F. 

50 [0377] A rotary encoder 1 86 is disposed at, for example, the upper blade roll 1 58 of the cutter 1 56 in the cutter device 
140. The rotary encoder 1 86 outputs to the laser control device 1 80 a pulse signal corresponding to the rotation angle 
of the upper blade roll 158 sending the X-ray film 112 or the rotation angle of the cutting blade 162. 
[0378] Thus, it becomes possible for the laser control device 1 80 to detect the timing at which the X-ray film 1 1 2 is 
cut. That is. the pulse signal inputted from the rotary encoder 186 to the laser control device 180 is read as a cutting 

55 completion signal of the X-ray film 112. 

[0379] A rotary encoder 208 is disposed at the suction drum 150 in the cutter device 140. The rotary encoder 208 
outputs a pulse signal corresponding to the rotation angle of the suction drum 150. 

[0380] The pulse .signal that the rotary encoder 208 outputs is inputted to the laser control device 1 80, and the laser 
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control device 180 monitors, from this pulse signal, the conveyance length of the X-ray film 112, which is the amount 
of the X-ray film 112 that is sent by the suction drum 150. 

[0381 ] The distance between the position at which the X-ray film 1 1 2 is cut by the cutting blade 1 62 of the cutter 1 56 
and the position at which the laser beam LB is irradiated onto the X-ray film 112 by the marking head 178 is predeter- 
5 mined and inputted to the laser control device 180. The laser control device 180 drives the marking head 178 at a 
timing based on a cutting completion timing inputted from the rotary encoder 186, the conveyance length of the X-ray 
film 112 and the marking position on the X-ray film 112. 

[0382] At this time, the laser control device 180 operates the cutting blade 162, monitors the conveyance length of 
the X-ray film 112 after the X-ray film 112 has been cut, and drives the marking head 178 at a timing at which the 
10 position at which the marking pattern MP is formed along the conveyance direction on the X-ray film 112A that is the 
final mode reaches a position facing the marking head 178. 

[0383] Thus, with respect to the barcode marker 176, when the X-ray film 112 is cut by the cutting blade 162 and 
processed into the final mode X-ray film 112A, the marking pattern MP is, as shown in Figs. 28A and 28B, formed at 
a position on the X-ray film 11 2A based on the marking position in the lot information file F. 

*5 [0384] Figs. 28A and 28B show X-ray films 112A formed in sheets by both longitudinal-direction (left-right direction 
with respect to the page of Figs. 28A and 28B) end portions thereof being cut by the cutter device 1 40. At this time, in 
the cutter device 140, a cutout (cut mark) 188 is formed, as a positioning reference when image exposure is conducted, 
at a predetermined position in the final mode X-ray films 112A using the cutting position as a reference. The marking 
position is a constant position with respecl to the culoul 188. 

20 [0385] Fig. 28A shows an example in which the marking pattern MP is formed along a short edge at a peripheral 
portion of the X-ray film 1 12A, and Fig. 28B shows an example in which the marking pattern MP is formed along a long 
edge at a peripheral portion of the X-ray film 112. 

[0386] In the photosensitive material processing system 110 in which the cutter device 140 configured in this manner 
is disposed, the production management device 1 26 creates the lot information file F when the photosensitive material 
25 information and the processing information, or the photosensitive material information, the processing information, and 
the processing conditions are inputted to the production management device 126 on the basis of the production pro- 
gram. 

[0387] Thereafter, the roll 1 1 8 of the X-ray film 1 1 2 corresponding to the data (roll lot number) within the lot information 
file F is conveyed in the slitting step 120 and loaded into the slitter device 134 in the processing line disposed with 

30 respect to the X-ray film 112, whereby processing with respect to the X-ray film 112 begins. 

[0388] The slitter device 134 disposed for the slitting step 120 slits the X-ray film 12 along the slitting lines 172 of 
the slitting pattern 170, whereby the roll 142 of the X-ray film 112 of a predetermined width is formed. 
[0389] The roll 142 of the X-ray film 112 formed by the slitter device 134 is loaded into the cutter device 140 in the 
cutting step 122, whereby cutting is conducted by the cutter device 140. 

35 [0390] In.the cutter device 140, when the leading end portion of the X-ray film 1 1 2 that has been pulled out from the 
roll 142 is wound around the suction drum 150, the suction drum 150 is rotatingly driven. Thus, the X-ray film 112 is 
conveyed towards the cutter 156 as the X-ray film 112 is pulled out from the roll 142. It should be noted that, in the 
cutter device 140, the X-ray film 112 is pulled out from the roll 142 in a state in which the emulsion layer 116 faces 
upward so that the emulsion layer 116 of the X-ray film 112 faces the marking head 178. 

40 [0391] The cutter device 140 operates the cutting blade 162 to cut the X-ray film 112 each time the conveyance 
length of the X-ray film 112 reaches the length (interval between the cutting lines 174, which is a length matching the 
size of the final mode) set in the processing conditions. The cut X-ray film 112 is successively accommodated and 
stacked in the stacking tray 164 and sent to the packaging step 1 24. 

[0392] Thus, in the packaging step 124, the X-ray film 112A stacked in the stacking tray 164 is made into a product 

45 by the packaging device 138 carrying out predetermined packaging. 

[0393] In the photosensitive material processing system 110, the marking pattern MP and the marking position at 
which Lhe marking pattern MP is formed are set on the basis of data in the lot information file F. Thus, in the photosen- 
sitive material processing system 1 1 0, it becomes possible to specify various information with respect to the X-ray film 
112 by the marking pattern MP. 

so [0394] The barcode marker 1 76 is disposed in the cutter device 1 40 . When the laser control device 1 80 of the barcode 
marker 1 76 reads, as marking information, the slitting pattern 1 70 (interval between the cutting lines 1 74), the marking 
position, and the marking pattern MP in the lot information file F at a predetermined timing, the marking head 178 is 
driven by the pattern signal corresponding to the marking pattern MP, and the marking pattern MP is formed on the X- 
ray film 112. 

55 [0395] At this time, the laser control device 180 monitors the conveyance length of the X-ray film 112 on the basis 
of the pulse signal corresponding to the rotation angle of the suction drum 150 outputted from the rotary encoder 208. 
The cutting blade 162 is operated in the cutter 156 to cut the X-ray film 112, whereby the cutting completion pulse is 
inputted to the laser control device 180 from the rotary encoder 186 and. when the conveyance length (feed amount) 
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of the X-ray film 112 reaches an amount based on the distance from the marking position to the position at which the 
X-ray film 112 is cut by the cutting blade 162 and the length of the X-ray film 112, the laser control device 180 drives 
the marking head 178. 

[0396] Thus, the barcode marker 176 can form the marking pattern MP at a constant position on the X-ray film 112A 

5 processed by the cutter device 140. 

[0397] That is, in the barcode marker 176, after the cutting blade 162 is operated and the X-ray film 112 is cut, the 
conveyance length of the X-ray film 1 1 2 is monitored on the basis of the pulse signal outputted from the rotary encoder 
208. When the conveyance length reaches a length that is set on the basis of a length along the conveyance direction 
of the final mode X-ray film 112, the distance from the position at which the X-ray film 112 is cut by the cutter 156 to 

10 the marking position, and the distance along the conveyance path of the X-ray film 112 from the cutting position of the 
X-ray film 1 1 2 in the cutter device 1 40 to the position facing the marking head 1 78, the marking head 1 78 is driven and 
marking is conducted. 

[0398] Thus, the marking pattern MP can be formed on the X-ray film 112 so that the marking pattern MP is formed 
at a constant position along the conveyance direction (the left-right direction with respect to the page of Figs. 28A and 

15 28B) of the X-ray film 112. 

[0399] Also, in the cutter device 140, horizontal displacement is prevented using the web edge control sensor 168, 
the width-direction end portion of the X-ray film 112 passes the constant position, and the position of the marking 
pattern M P along the direction orthogonal to the conveyance direction of the X-ray film 1 1 2A can be formed at a constant 
position thai corresponds to the marking position sel in the lot information file F. 

20 [0400] Thus, the marking pattern MP is formed at a constant position on each X-ray film 112A in the package pack- 
aged by the packaging device 138. 

[0401] In the photosensitive material processing system 110, the barcode is used as the marking pattern MP formed 
on each X-ray film 112A. The barcode includes at least the brand of the X-ray film 11 2A, the slit number, and the cutting 
order, and it becomes possible to specify the lot information file F from the slit number. 

25 [0402] Thus, it becomes possible to precisely grasp the photosensitive material information such as the brand, emul- 
sion number, and roll number of the roll 118 serving as the source for processing the X-ray film 112A included in the 
lot information file F, the processing history such as the processing line and the processing status, and product class. 
[0403] Also, the barcode used as the marking pattern MP can be read using the barcode reader. Also, by forming 
the marking pattern MP at a constant position on each X-ray film 11 2A, it is possible to automatize the reading of the 

30 marking pattern MP from the X-ray film 112A. 

[0404] Thus, when X-ray photography (image exposure of the X-ray film 112) is conducted using the X-ray film 112.. 
it is possible to automatically and smoothly verify whether the brand is suitable for use (X-ray photography) by reading 
the marking pattern of the X-ray film 112. 

[0405] Also, because the marking pattern MP is formed on each X-ray film 112A within a package, it is possible to 
35 easily and reliably verify the brand even if it is in use. It is also possible to reliably specify the brand of the X-ray film 
112 even when a package contains several brands of the X-ray film 11 2A. 

[0406] Moreover, the cutting order becomes clear by adding the cutting order number when the marking pattern MP 
(barcode) is set, and it is possible to precisely grasp the use amount and remaining amount of the X-ray film 112A, 
even when the X-ray film 112A is in use, by the X-ray film 112 being stacked in the cutting order. 

40 [0407] Also, in the present embodiment, the marking pattern is set and given a characteristic symbol that is preset 
between the photosensitive material and the developing device, whereby the characteristic symbol included in the 
barcode (marking pattern MP) is read when the shot X-ray film 11 2A is developed. Thus, it is possible to conduct 
appropriate development with respect to the X-ray film 112A. Thus, it is possible to prevent finishing flaws resulting 
from development being conducted with erroneous, improper processing conditions when the X-ray film 112A is de- 

45 veloped. 

[0408] Because the processing history of the X-ray film 112 can be judged by including the processing history such 
as the scheduled processing line or the information corresponding to the processing history when the barcode serving 
as the marking pattern MP is set, even if problems arise in the finishing of the X-ray film 112, the cause of those 
problems can be easily investigated. 

so [0409] In this manner, various information can be included in the marking pattern MP or the barcode forming the 
marking pattern MP, and by forming the marking pattern MP at a constant position on each X-ray film 112 processed 
into a sheet., appropriate, smooth processing of the X-ray film 112 using the marking pattern MP becomes possible. 
[0410] Because the marking pattern MP or the barcode forming the marking pattern MP can be formed with a small 
number of characters (number of symbols), even when a large amount of information is included, by coding the infor- 

55 mation included in the marking pattern MP and compressing the data, the marking pattern MP or the barcode forming 
the marking pattern MP can be formed in a narrow space that does not effect use of the X-ray film 112. That is : a large 
amount of information can be added in a limited space on the X-ray film 11 2A. 

[0411] Also, various information can be encrypted and formed as the marking pattern MP, whereby it also becomes 
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possible to add special information. Conventionally well known encryption methods of an optional configuration can 
be used for the encryption in this instance. For example, it becomes possible to limit a shooting device when conducting 
image shooting using the X-ray film 11 2A or a developing device when developing X-ray film 1 1 2A that has been image- 
shot, and it becomes possible to restrict more appropriate processing of the X-ray film 112, such as image shooting 
5 and development. 

Sixth Embodiment 

[0412] A sixth embodiment of the invention will be described below. The basic configuration of the sixth embodiment 
10 is the same as that of the fifth embodiment, and parts that are the same as those in the fifth embodiment will be given 
the same reference numerals and description of the parts will be omitted. 

[0413] Fig. 29 shows the schematic configuration of the cutter device 136 (referred to below as "cutter device 1 90") 
used in the sixth embodiment. The cutter device 190 includes a slitter function in addition to the barcode marker 176. 
Thus, the cutter device 1 90 doubles as the slitter device 1 34 disposed for the slitting step 1 20 and includes the function 
*5 of the cutter device 136 of the cutting step 122, and also slits the X-ray film 112 slit in the slitting step 120 so that it is 
also possible to form a small-sized X-ray film 112A. 

[041 4] A pass roll 1 92 is disposed above the pass roll 1 44 in the cutter device 1 90, and the X-ray film 1 1 2 is oriented 
in the horizontal direction by the X-ray film 112 being wound around the pass roll 192. 

[0415] A print roll 1 94 is disposed downstream of the pass roll 1 92, and the marking head 1 78 of the barcode marker 
20 1 76 is disposed facing the X-ray film 1 1 2 wound around the print roll 1 94. 

[0416] Thus, in the cutter device 190, the laser beam LB is irradiated towards the X-ray film wound around the print 
roll 194 to form the marking pattern MP. 

[0417] A slitter 196 is disposed below the print roll 194. The slitter 196 includes slitting blades 200 and 202, which 
are disposed as a pair. When the X-ray film 112 is wound around the slitting blade 200 and sent towards the small roll 
25 146, the X-ray film is slit at a predetermined position in the width direction along the slitting lines 172 of the slitting 
pattern 170 by the slitting blades 200 and 202. 

[0418] A suction drum 204 is disposed between the small rolls 146 and 148 in the cutter device 190. The X-ray film 
1 1 2 is sucked and retained by being wound around the suction drum 204, and sent at a conveyance speed correspond- 
ing to the rotational speed of the suction drum 204. 
30 [0419] A roll 206 is disposed facing the small roll 148. The X-ray film 112 is nipped between the small roll 148 and 
the roll 206 and sent towards the cutter 156. The cutter 156 operates the cutting blade 162 to cut the X-ray film 112 
each time an amount of the X-ray film 112 sent by the upper blade roll 158 and the lower blade roll 160 reaches a 
predetermined amount. 

[0420] The cutter control device 1 66 disposed in the cutter device 1 90 controls the cutting of the X-ray film 112 along 
35 the cutting lines 174 and controls the slitting of the X-ray film 112 along the slitting lines 172 of the slitting pattern 170. 
[0421] The rotary encoder 208 is disposed at the suction drum 204 in the cutter device 190, and a pulse signal 
corresponding to the rotation angle of the suction drum 204 is inputted to the laser control device 180. 
[0422] The laser control device 1 80 disposed in the cutter device 1 90 uses the pulse signal inputted from the rotary 
encoder 208 to monitor the conveyance length of the X-ray film 112. Each time the conveyance length reaches a 
40 predetermined length, the laser control device 180 drives the marking head 178 to form the marking pattern MP on 
the X-ray film 112. 

[0423] At this time, in the laser control device 1 80, the cutter 1 56 operates the cutting blade 1 62 to cut the X-ray film 
112. When the cutting completion pulse outputted from the rotary encoder 186 at that timing is detected, the marking 
head 178 is driven each time the conveyance length of the X-ray film 112 after the cutting completion pulse has been 
45 detected reaches the predetermined length, whereby the marking pattern MP is formed on the X-ray film 1 1 2 before it 
is slit by the slitter 196. 

[0424] At this lime, the barcode marker 1 76 scans the laser beam emitted from the marking head 1 78 along the widlh 
direction of the X-ray film 112, whereby the marking pattern MP is formed at both sides of the slitting line 172 along 
which the X-ray film 112 is slit by the slitter 196. 
so [0425] Thus, as shown in Figs. 30A and 30B, the marking patterns MP are formed at predetermined positions along 
the width direction of the X-ray film 112 in each region enclosed by the slitting line 172 and the cutting lines 174. It 
should be noted that Figs. 30A and 30B show the slitting pattern 170 when the X-ray film 112 is divided along the 
slitting line 172. 

[0426] The marking patterns MP formed at the X-ray film 1 1 2 in the cutter device 1 90 may, as shown in Fig. 30A, be 
55 formed with the same orientation at the predetermined positions on both sides of the slitting line 1 72 or may, as shown 
in Fig. 30B, be formed in a staggered manner with the slitting line 172 sandwiched therebetween. As shown in Fig. 
30B, when the marking patterns MP are formed in a staggered manner with the slitting line 172 sandwiched therebe- 
tween, the marking patterns MP rotated by 180° are alternatingly formed at both sides of the slitting line 172. 
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[0427] In the cutter device 190 configured in this manner, when the roll 142 is loaded and the processing conditions 
with respect to the roll 1 42 (X-ray film 112) are read, set-up changing (setting of the slitting position and cutting position, 
etc.) is conducted on the basis of the processing conditions. 

[0428] In the cutter device 190, the X-ray film 112 is conveyed while being pulled out from the roll 142 by rotatingly 
5 driving the suction drum 204, and when the X-ray film 1 1 2 passes the slitter 1 96, the X-ray film 1 1 2 is slit by the slitting 
blades 200 and 202. 

[0429] Thereafter, in the cutter device 1 90, when the X-ray film 112 sent by the suction drum 204 passes the cutter 
156, the X-ray film 112 is processed into sheets by the X-ray film 112 being cut at intervals corresponding to the cutting 
lines 174. 

10 [0430] The laser control device 1 80 of the barcode marker 1 76 monitors the conveyance length of the X-ray film 1 1 2 
from the pulse signal outputted from the rotary encoder 208 disposed at the suction drum 204. The marking head 1 78 
is driven on the basis of the cutting completion pulse outputted from the rotary encoder 1 86 each time the conveyance 
length of the X-ray film 1 1 2 after the cutting blade 1 62 of the cutter 1 56 is operated reaches the predetermined length, 
and the marking patterns MP are formed on the X-ray film 112. 

is [0431] At this time, using the length along the conveyance direction of the final mode X-ray film 112 (cutting line 174 
intervals), the length of the conveyance path of the X-ray film 1 1 2 from the position at which the X-ray film is cut by the 
cutter 156 to the position at which the X-ray film is marked by the marking head 178, and the conveyance-direction 
end portion resulting from the X-ray film 112A being cut by the cutter 156 (cutting blade 162) as references, the laser 
control device 180 drives the marking head 178 when the conveyance length of the X-ray film 112 reaches the con- 

20 veyance length set on the basis of the interval from the end portion to the marking position. 

[0432] That is, the barcode marker 176 uses the conveyance-direction end portion of the X-ray film 112 cut by the 
cutter 156 as a reference to form the marking pattern MP. 

[0433] Thus, similar to the cutter device 140, the marking pattern MP can be formed on the X-ray film 112 prior to 
cutting, so that the X-ray film 112A having the marking pattern MP formed at a constant position is also obtained in the 
25 cutter device 190. 

[0434] In this manner, the marking pattern MP can be formed at the constant position on the X-ray film 112A by 
forming the marking pattern MP when the conveyance length after the X-ray film 112 is cut reaches a length set on 
the basis of the conveyance-direction length of the final X-ray film 112, the length of the conveyance path of the X-ray 
film 112 from the position at which the X-ray film 112 is cut by the cutter 156 to the position at which the X-ray film 112 
30 is marked by the marking head 178, and the marking position with respect to the end portion along the conveyance 
direction of the X-ray film 112A f while the conveyance length of the X-ray film 112A is appropriately monitored when 
the X-ray film 112 is cut to form the sheets of X-ray film 112A. 

[0435] Thus, automatization of the processing of the X-ray film 112A on the basis of the marking pattern MP formed 
on the X-ray film 112A becomes possible. 

35 [0436] It should be noted that the above-described embodiment is not intended to limit the configuration of the in- 
vention. For example, although description was given of an example in which the cutter devices 140 and 190 were 
used in the cutting step 122 of the photosensitive material processing system 110 disposed with the cutting step 122, 
the slitting step 120, and the packaging step 124, the invention can be used in an optional cutter device as long as the 
device forms the marking pattern MP on the X-ray film 112 when the rolled X-ray film 112 is cut. 

40 [0437] Although a barcode (one-dimensional barcode) was used as the marking pattern MP in the present embod- 
iment, the invention is not limited thereto. A two-dimensional barcode, or characters, numbers, and symbols coded 
and set on the basis of a preset optional coding method can be used. Moreover, the marking pattern MP may be one 
that is formed by encrypting by a conventionally well-known optional method. 

[0438] Also, although the present embodiment was described using the X-ray film 112 as the photosensitive material, 
•ts the photosensitive material to which the invention is applied is not limited to the X-ray film 112. Photographic film of 
an optional configuration using PET or the like as a support may also be used. Additionally, the invention can also be 
applied to other photographic photosensitive material of an optional configuration in which an emulsion layer is formed 
on a support, such as printing paper, and to a processing device of an optional configuration that conveys, cuts, and 
processes into sheets the photographic photosensitive material. 
so [0439] As described above, according to the present embodiment, a marking pattern that allows each sheet of the 
photosensitive material to be specified can be formed at a constant position on each final mode photosensitive material. 
With this photosensitive material formed with the marking pattern, there are excellent effects in that it becomes possible 
to recognize, at an optional timing, various information recorded by the marking pattern from the marking pattern of 
the processed final mode photosensitive material, and proper use of the photosensitive material becomes possible. 
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Claims 

1 . A laser marking method for forming a visible marking pattern on a photosensitive material the method comprising 
the steps of: 

5 

supplying a photosensitive material comprising a base layer having formed on a surface thereof an emulsion 
layer; 

irradiating a laser beam onto the emulsion layer to thereby generate air bubbles inside the emulsion layer; and 
stopping the irradiation of the laser beam at a point in time when the emulsion layer has become convex due 
to to the generation of the air bubbles, 

whereby a convex dot pattern including plural minute air bubbles inside the emulsion layer is formed on the 
photosensitive material. 

'5 2. The laser marking method of claim 1 , wherein an irradiation time of the laser beam is controlled so that a height 
of the convex dot pattern formed on the surface of the emulsion layer of the photosensitive material is 10 urn or 
less from the surface and the minute air bubbles numerously formed inside the convex dot pattern have a diameter 
of 1 to 5 u/n. 

20 3. The laser marking method of claim 1 , wherein the irradiation of the laser beam is conducted so that a space is not 
generated at a boundary between the base layer and the emulsion layer. 

4. The laser marking method of claim 1 . wherein an oscillation wavelength of the laser beam is set to be from 9.2 
jam to 9.8 u,m. 

25 

5. A photosensitive material including a base layer and an emulsion layer disposed on a surface of the base layer, 
wherein a visible dot pattern is formed on the emulsion layer by irradiating a laser beam onto the emulsion layer, 
the dot pattern being convexly formed with a height of 10 j.irn or less from a surface of the emulsion layer and 
minute air bubbles having a diameter of 1 to 5 um being numerously formed therein. 

30 

6. The photosensitive material of claim 5 ; wherein a space is not included at a boundary between the base layer and 
the emulsion layer. 

7. A laser marking method for forming a visible marking pattern comprising a dot arrangement on a photosensitive 
35 material, the method comprising the steps of: 

supplying a photosensitive material comprising a support having formed on at least one side thereof an emul- 
sion layer; 

setting a laser oscillator so that it is capable of irradiating a laser beam onto the emulsion layer; 
40 using the laser oscillator to irradiate the laser beam in a spot onto the emulsion layer to impart a predetermined 

amount of energy to the photosensitive material, 

wherein numerous air bubbles are generated inside the emulsion layer by the predetermined amount of 
energy being imparted within a predetermined time, to thereby form visible dots, 

45 

8. The laser marking method of claim 7, wherein the predetermined time is set on the basis of the photosensitive 
material and the wavelength of the laser beam irradiated by the laser oscillator. 

9. The laser marking method of claim 7, further including the step of developing the photosensitive material, wherein 
^0 the predetermined time is short to the extent that separation is not generated between the support and the emulsion 

layer after development. 

1 0. The laser marking method of claim 7, wherein the predetermined amount energy is imparted to the photosensitive 
material and the dots are formed in a state in which the laser beam scans a surface of the emulsion layer. 
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conveying a photosensitive material in a predetermined conveyance direction; 

disposing a laser oscillator and a condenser so as to condense a laser beam emitted from the laser oscillator 
into a spot on a surface of the conveyed photosensitive material; and 

irradiating the laser beam through the condenser onto the photosensitive material so that the surface of the 
5 photosensitive material is positioned further away from the laser oscillator than a focal point of the laser beam 

converged by the condenser, whereby the marking pattern is formed on the photosensitive material. 

1 2. The laser marking method of claim 1 1 , wherein the laser beam is irradiated while scanning the surface in a direction 
substantially orthogonal to the predetermined conveyance direction. 

10 

1 3. The laser marking method of claim 1 1 , wherein the laser beam is irradiated onto the surface of the photosensitive 
material at predetermined intervals with respect to the predetermined conveyance direction of the photosensitive 
material. 

15 14. The laser marking method of claim 1 1 , wherein the photosensitive material includes a support layer and an emulsion 
layer formed on the support layer. 

15. A laser marking method for forming a marking pattern on a photosensitive material, the method comprising the 
steps of: 

20 

supplying a photosensitive material comprising a support, a surface layer including an emulsion layer formed 
on one side of the support, and an undersurface layer formed on another side of the support to prevent diffuse 
reflection of light transmitted through the emulsion layer; and 

irradiating a laser beam in a sport onto the undersurface layer of the photosensitive material to generate air 
25 bubbles in the undersurface layer, 

whereby the marking pattern is formed on the undersurface layer of the photosensitive material. 

16. The laser marking method of claim 15, wherein the marking pattern formed on the undersurface layer is a mirror 
30 image of an intended pattern. 

17. The laser marking method of claim 15, wherein the marking pattern formed on the undersurface layer is visible 
from the surface layer. 

35 18. The laser marking method of claim 15, wherein the undersurface layer is a layer that includes gelatin. 

19. A photosensitive material processing method for cutting a photosensitive material wound in a roll into a predeter- 
mined size to make sheets, the method comprising the steps of: 

40 pulling the photosensitive material out from a roll of the photosensitive material and conveying the photosen- 

sitive material along a predetermined path; 

irradiating a laser beam onto a recording position that is a predetermined distance from a position at which 
the conveyed photosensitive material is to be cut, to thereby form, on the photosensitive material, a marking 
pattern including identification information specifying the photosensitive material; and 
45 cutting the photosensitive material to a predetermined length along the conveyance path. 

20. The photosensitive material processing melhod of claim 19, wherein the photosensitive material is cut per con- 
veyance of a predetermined length along the conveyance path. 

50 21 . The photosensitive material processing method of claim 1 9, further including the step of slitting the photosensitive 
material to a predetermined width with respect to a width direction orthogonal to a conveyance direction. 

22. The photosensitive material processing method of claim 21 , wherein another recording position is a predetermined 
distance from a position at which the photosensitive material is to be slit in the width direction. 

55 

23. The photosensitive material processing method of claim 1 9 : further including the step of measuring a conveyance 
amount of the photosensitive material, wherein the recording position is determined on the basis of the measure- 
ment result. 
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24. A photosensitive material processing device for cutting a photosensitive material wound in a roll into a predeter- 
mined size to make sheets, the device comprising: 

a conveyance mechanism for pulling the photosensitive material out from a roll of the photosensitive material 

5 and conveying the photosensitive material along a predetermined path; 

a laser beam oscillator for irradiating a laser beam onto the photosensitive material, the laser beam oscillator 
being disposed at a predetermined position on the conveyance path and forming, on the photosensitive ma- 
terial , a marking pattern including identification information specifying the photosensitive material by irradiating 
the laser beam onto a recording position that is a predetermined distance from a position at which the conveyed 

^0 photosensitive material is to be cut; and 

a cutter for cutting the photosensitive material to a predetermined length along the conveyance path. 

25. The photosensitive material processing device of claim 24, further including a slitter for slitting the photosensitive 
material to a predetermined width with respect to a width direction orthogonal to a conveyance direction. 

75 

26. The photosensitive material processing device of claim 25, wherein another recording position is a predetermined 
distance from a position at which the photosensitive material is to be slit in the width direction. 

27. The photosensitive material processing device of claim 24, further including a measuring instrument for measuring 
20 a conveyance amount of the photosensitive material, wherein the recording position is determined on the basis of 

the measurement result. 

28. A photosensitive material, in which a photosensitive material wound in a roll is cut into a predetermined size and 
processed into sheets, the photosensitive material including a marking pattern formed by a laser beam being 

25 irradiated onto a constant position at a peripheral portion of the sheet, the marking pattern including identification 

information with which the photosensitive material can be specified. 
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FIG. 2A 




FIG. 2B 
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